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GENERAL INTRODUCTION GENERAL INTRODUCTION
Reading comprehension is the ability to understand a written text. Successful reading 
comprehension is crucial for a child’s achievement in school and future education, as it 
plays an important role in obtaining new information (i.e. book learning; Kintsch, 1998). 
Therefore, primary education places great emphasis on getting children to acquire 
a proficient level of reading comprehension. Reading comprehension is however a 
complex process, which in addition to linguistic comprehension—such as the ability to 
map letters to sounds and to assign the correct meaning to a word—requires executive 
functioning (e.g., Cutting, Materek, Colé, Levine, & Mahone, 2009; Kieffer, Vukovic, & 
Berry, 2013; Sesma, Mahone, Levine, Eason, & Cutting, 2009). Executive functions are 
important for reading comprehension as they facilitate several underlying processes 
important for reading comprehension, such as the retrieval of word representations 
from memory, the integration of representations with upcoming information, applying 
reading strategies and flexibly switching between these tasks. More specifically, executive 
functioning is proposed to take a prominent role in the upper primary grades, when 
the focus of primary education shifts from learning to read to reading to learn (Chall, 
1983). Children are presented with larger passages and more complex sentences, which 
increases the demand on both linguistic comprehension (Bast & Reitsma, 1998; Catts, 
Hogan, & Adolf, 2005; Verhoeven & van Leeuwe, 2008) and executive functioning (e.g., 
Cunningham, Stanovich, & Wilson, 1990; Perfetti, 1985).
Although the contribution of linguistic comprehension to children’s reading 
comprehension development has been well established (de Jong & van der Leij, 
2002; Goff, Pratt, & Ong, 2005; Nation & Snowling, 2004; Oakhill, Cain, & Bryant, 
2003; Verhoeven & van Leeuwe, 2008), the relation between reading comprehension 
development and executive functioning has received considerably less attention. The 
general aim of the present dissertation is therefore to obtain further insight into the role 
of multiple executive functions in children’s reading comprehension development in the 
upper grades of primary school. This introductory chapter starts out with a theoretical 
framework. Against the background of this theoretical framework, this introductory 
chapter highlights the issues that are of relevance for this dissertation. Finally, the 
specific aims, research questions and outline of the dissertation are presented at the 
end of this chapter.
The contributions of linguistic comprehension to reading comprehension
Reading comprehension success is largely determined by the ability to decode, which 
reflects the retrieval of phonological codes for written stimuli (i.e. words). Decoding 
is a prerequisite for reading comprehension, as it allows the reader to draw word 
representations from the text (Perfetti, 1992; Samuels, 1994; Stanovich, 2000). In the 
lower grades of primary school, the focus of reading education therefore lies mainly 
11
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on decoding and comprehending words in the context of simple sentences or texts. 
Nevertheless, individual differences in reading comprehension cannot always solely be 
attributed to decoding. In addition, reading comprehension performance depends on 
knowledge of word meanings. Not only the number of words a child knows, but also 
how well words are known, including syntactic and semantic knowledge and associations 
between words, is important in building an understanding of the meaning of a text 
(Cain & Oakhill, 2014; Ouellette, 2006; Tannenbaum, Torgesen, & Wagner, 2006). 
This view is captured by the lexical quality hypothesis (Perfetti & Hart, 2002). According 
to this view, lexical quality comprises the storage of word form and word meaning in 
the mental lexicon and the retrieval of these representations. High lexical quality is 
defined by a high number of well-specified representations of orthography, phonology 
and semantics. This specificity allows us to both distinguish form and meaning (e.g., 
knowing the difference between ‘three’ and ‘tree’ and the difference between ‘hearing’ 
and ‘listening’) as well as to recognize similarities in meaning (e.g., knowing that different 
words can refer to the same object). Additionally, high-quality representations allow for 
an effortless retrieval from the mental lexicon (i.e. needing few other resources such 
attention and working memory) and a high, consistent output, which in turn facilitates 
reading comprehension (Perfetti, 2007). 
In addition to linguistic representations in the mental lexicon, higher-level comprehension 
skills account for individual differences in reading comprehension. This is reflected 
in the simple view of reading by Hoover and Gough (1990), which proposes that 
reading comprehension is the product of decoding and linguistic comprehension. 
Linguistic comprehension comprises the processes involved in the comprehension of 
oral language, which includes linguistic representations such vocabulary and grammar 
knowledge and comprehension processes such as the ability to draw inferences within 
and between sentences and to integrate information across sentences and ideas in a 
text (Perfetti, Landi, & Oakhill, 2005; Verhoeven & Perfetti, 2008). Additionally, Hoover and 
Gough (1990) suggested that neither decoding nor linguistic comprehension by itself 
is sufficient for successful reading comprehension. However, the relative contribution 
of decoding and linguistic comprehension to reading comprehension development 
changes with grade level (Gough & Tunmer, 1986; Hoover & Gough, 1990). Across 
grades one through four, decoding skills develop and gradually become automatic. 
As a result, readers have more resources available to process the meaning of a text 
(Perfetti, 1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992) and the contribution of 
linguistic comprehension to reading comprehension development increases, while the 
contribution of decoding to reading comprehension development decreases. 
12
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The lexical quality hypothesis and the simple view of reading could be combined in 
one model, which is depicted in Figure 1, in which lexical quality is represented by the 
orthographic, phonological, semantic and syntactic representations.
This model can be related to reading systems framework of Perfetti and Stafura (2014). 
According to the reading systems framework, reading comprehension begins with 
translating visual input (the text) to phonological units. Next, interaction with the mental 
lexicon (which includes information about morphology, syntax and semantics) leads to 
word identification and meaning- and form selection. Subsequently, the linguistic system 
(which includes the mental lexicon) aids in higher-level comprehension processes, such 
as inference making and forming a situation model. However, the reading systems 
framework additionally proposes that linguistic comprehension processes take place 
within a cognitive system. This cognitive system may affect reading comprehension 
in two ways. Firstly, it is proposed that the cognitive system has a limited processing 
capacity. Therefore, the processes involved in reading comprehension need to compete 
for the limited resources available in the cognitive system (see also Kintsch, 1998; Just 
& Carpenter, 1992). Effortful reading comprehension processes require more resources 
than reading comprehension processes that are automatic. Hence, when certain 
reading comprehension processes become automatic (for example decoding), more 
resources become available for other reading comprehension processes (for example 
the integration of words). Secondly, the cognitive system may aid in specific reading 
processes, such as the suppression of irrelevant semantic information, which aids in 
establishing a coherent text-representation (Cain, 2006; Carretti, Borella, Cornoldi & 
De Beni, 2009; De Beni & Palladino, 2000), or the retrieval of information (van Dijk & 
Kintsch, 1983). This is supported by recent studies that demonstrated that individual 
variation in reading comprehension performance in the upper primary grades is caused 
by differences in executive functioning (e.g., Cutting et al., 2009; Kieffer et al., 2013; 
Sesma et al., 2009). In short, as proposed by the reading system framework and 
supported by several other studies, reading comprehension depends on both linguistic 
comprehension and executive functioning.
The contribution of executive functions to reading comprehension
Executive functions are a family of top-down mental processes that control and 
coordinate lower-level cognitive abilities and behaviors in order to reach a goal as 
efficiently as possible. For example, during reading comprehension, executive functions 
may facilitate the integration of information, the retrieval of semantic knowledge, the use 
of strategies, or to simultaneously engage in these multiple reading processes. Executive 
functioning is an effortful process, especially for children, as executive functions at this 
stage are not yet fully matured (Davidson, Amso, Anderson, & Diamond, 2006). When 
14
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regarding the role of executive functions in reading comprehension, the main focus in 
the literature has been on working memory. Only in more recent years has the focus on 
the role of other executive functions in reading comprehension increased.
Working memory
Working memory—the ability to temporarily store information while simultaneously 
carrying out processing operations—is a well-established predictor of reading 
comprehension performance in both adults and children (for meta-analyses, see 
Daneman & Merikle, 1996) and children with reading comprehension difficulties (Carretti 
et al., 2009). Working memory is needed for reading comprehension to integrate stored 
text representations with incoming information (Daneman & Carpenter, 1980) which in 
turn aids in forming a coherent representation of the text (Kintsch, 1998).
One of the leading theoretical accounts concerning working memory in the reading 
comprehension literature is the working memory model of Baddeley and Hitch (1974; 
see also Baddeley, 2000). This model is comprised of three components: A central 
executive, and two storage components including the visuospatial sketchpath and 
the phonological loop. The visuospatial sketchpad temporarily preserves incoming 
visual and spatial information. The phonological loop temporarily preserves verbatim 
representations of verbal information. The storage systems keep information active and 
accessible during the performance of complex cognitive tasks, which is supervised by 
the central executive. More specifically, the central executive controls and regulates the 
transfer of information from and to these two storage systems. Although the central 
executive is presented as a unitary system, it has been proposed that it may reflect or is 
linked to multiple, domain-general, executive functions (Baddeley, 1986, 1996; Baddeley 
& Della Sala, 1996; Baddeley, Emslie, Kolodny, & Duncan, 1998).
Over the years, it has been consistently demonstrated that individual differences in 
reading comprehension are mainly associated with the processing component (a.k.a. 
the central executive) of working memory, rather than the storage component of 
working memory. Moreover, it has been repeatedly reported that tasks measuring 
working memory in the language domain (i.e. domain-specific tasks) have been shown 
to be better predictors of children’s reading comprehension than tasks measuring 
working memory in a domain other than language (Shah & Miyake, 1996). Additionally, 
working memory tasks, which mainly tap into semantic processing, have been shown to 
be better predictors of reading comprehension than working memory tasks that mainly 
tap into phonological processing. Together, these findings have led to the claim that 
not all variation in working memory can be explained by general processing capacity, 
but that linguistic information tapped by memory tasks, must play an important role as 
well (Daneman & Merikle, 1996). 
15
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Inhibition, cognitive flexibility and planning
In parallel behavioral (Lehto, Juujärvi, Kooistra, & Pulkkinen. 2003; Miyake, Friedman, 
Emerson, Witzki, & Howerte, 2000) and neurocognitive studies (Collette, Van der 
Linden, Laureys, Delfiore, Degueldre, & Luxen, 2005), three core executive functions 
have been identified, including updating and monitoring of working memory processes 
(which is closely linked to the notion of working memory; Jonides & Smith, 1997; Lehto, 
1996), inhibition, and cognitive flexibility (also referred to as switching and/or shifting; 
Anderson, 2002; Diamond,2013). 
Inhibition refers to the ability to suppress automatic reactions, ignore irrelevant 
information or suppress no longer relevant information (Friedman & Miyake, 2004). 
Inhibition is assumed important for reading comprehension in order to form coherent 
text representations. During reading, a child may come across text passages that contain 
various sources of irrelevant information or ambiguity that needs to be inhibited in order 
to form an accurate representation of the text (Cain, 2006; Carretti et al., 2009; De Beni 
& Palladino, 2000). This type of inhibition (i.e. prepotent response inhibition; Friedman 
& Miyake, 2004) reflects the inhibition of dominant and automatic responses activated 
by the presented stimulus. Other studies have suggested that resistance to proactive 
interference (the ability to suppress or remove outdated information to help maintain 
relevant stimuli in working memory; Friedman & Miyake, 2004) is also relevant for 
reading comprehension (Arrington, Kulesz, Francis, Fletcher, & Barnes 2014). However, 
this type of inhibition has proved to be entwined with working memory (Friedman 
& Miyake, 2004). Therefore, the current dissertation focused on prepotent reponse 
inhibition only, as the aim was to investigate the unique contribution of inhibition to 
reading comprehension, separate from working memory.
Cognitive flexibility refers to the ability to shift between multiple operations and mental 
states (Anderson, 2002; Diamond, 2013) and has been reported to account for variance 
in children’s reading comprehension (Colé, Duncan, & Blayne, 2014; Kieffer et al., 
2013). Cognitive flexibility may be needed to simultaneously process phonological and 
semantic information for reading comprehension (Cartwright, 2002), or to adapt existing 
text representations to new text representations (Diamond, 2013). 
From these core executive functions, higher-order executive functions are built such as 
reasoning, problem solving, and planning (Collins & Koechlin 2012; Lehto et al., 2003; 
Miyake et al., 2000). Planning refers to the ability to decide which tasks are necessary 
to efficiently reach and complete a goal. It has been proposed that good planners 
regularly monitor whether their text representations are correct and if not, may even 
change strategies, in order to achieve a correct understanding of the text (Cartwright, 
2015). 
16
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Although the relation between executive functions and reading comprehension has 
been demonstrated (e.g., Cain, Bryant, & Oakhill 2004; Christopher, Miyake, Keenan, 
Pennington, De Fries, Wadsworth et al., 2012; Cutting et al., 2009; Kieffer et al., 2013; 
Sesma et al., 2009), several issues remain to be investigated. To begin with, the number 
of studies that have investigated the contribution of multiple executive functions to 
children’s reading comprehension is relatively small, and therefore insight into their 
unique contribution to reading comprehension is limited. In addition, it is unclear 
how both storage and separate measures of executive functions relate to reading 
comprehension as the contribution of both storage and processing is commonly 
investigated with an integrated working memory measure. Furthermore, it is currently 
unknown how language-specific aspects may influence to contribution of storage 
to reading comprehension and inherently, how this may relate to language specific-
processing capacities of working memory and reading comprehension. Finally, only a few 
attempts have been made to study the role of executive functions using a longitudinal 
approach, making it difficult to draw conclusions regarding reading comprehension 
development.
The present dissertation
In order to form a sufficiently coherent representation of a written text, children have 
to draw upon their linguistic comprehension and executive functioning. Among these 
executive functions, domain-specific working memory (i.e. working memory that mainly 
involves language processing) is the most well established predictor of differences in 
children’s reading comprehension performance. Research has shown that the processing 
component of working memory, rather than the storage component is most important 
in explaining individual differences in reading comprehension. At the same time, there 
is evidence that other domain-general executive functions, such as inhibition (e.g., 
Kieffer et al., 2013), cognitive flexibility (e.g., Colé et al., 2014; Kieffer et al., 2013) and 
planning (e.g., Cutting et al., 2009; Sesma et al., 2009) account for variation in reading 
comprehension. 
The general aims of the dissertation 
Against the background of these findings, the current dissertation will revisit the 
role of executive functions to children’s reading comprehension development. More 
specifically, the relation between the storage and processing of information, linguistic 
comprehension and reading comprehension will be further examined (see Figure 2) by 
addressing the following four issues.
First, the relations between executive functions and reading comprehension have mostly 
been investigated in isolation in the sense that studies only included one executive 
17
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function. Therefore, little is known about how multiple executive functions, such as 
working memory, inhibition, cognitive flexibility and planning uniquely contribute 
to reading comprehension development beyond the contributions of decoding 
and linguistic comprehension. Second, it is unclear how both storage and separate 
processing measures contribute to reading comprehension as the contribution of both 
storage and processing are commonly investigated with an integrated working memory 
measure. Third, the influence of domain-specificity on the contribution of storage 
to reading comprehension has so far not been investigated. Inherently, the unique 
contribution of phonological and semantic storage, on one hand, and phonological and 
semantic working memory, on the other hand, to children’s reading comprehension, is 
unknown. Moreover it is unclear how storage of semantic information, semantic working 
memory and reading comprehension are related. Finally, to our current knowledge, 
it has not yet been investigated whether the retrieval of semantic representations 
is mainly driven by the quality of the semantic representations (as proposed by the 
lexical quality hypothesis), or whether executive functioning also plays a part in these 
retrieval processes in children. Moreover, it has so far, not been investigated if these 
retrieval processes contribute to reading comprehension development in addition to 
phonological and semantic representations.
Research questions
To address these issues, the current dissertation attempts to find an answer to the 
following research questions:
1) What is the relative contribution of multiple executive functions to reading 
comprehension development, after taking decoding and linguistic comprehension 
into account?
2) How do storage and separate processing measures relate to reading comprehension, 
after taking decoding and linguistic comprehension into account?
3) What is the influence of language specificity in the contribution of storage and 
processing measures to reading comprehension?
4) How do semantic representations, executive functioning and semantic retrieval 
relate to reading comprehension development? 
Dissertation outline
The following chapters describe four empirical studies—that each represents an article 
that has been accepted or submitted for publication in an international peer-reviewed 
journal—in which the aforementioned research questions are being addressed. Chapter 
2 starts off with a longitudinal study investigating the contribution of multiple executive 
19
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functions (i.e. working memory, inhibition and planning) assessed in grade 4, to the 
components of the simple view of reading (i.e. decoding, linguistic comprehension and 
reading comprehension) in grade 5. In addition to direct effects of executive functions 
to reading comprehension, indirect effect via decoding and linguistic comprehension 
are investigated. Chapter 3 addresses the role of storage capacity and separate 
measures of executive functions to reading comprehension in Dutch fifth graders, 
while controlling for decoding and vocabulary. In addition, the relationship between 
this model and working memory as assessed with a listening span task—which reflects 
an integrated measure of both storage and executive functions—in line with Baddeley 
(2000)’s working memory model, is investigated. Chapter 4 examines the influence of 
language-specificity on the contribution of storage and processing measures to grade 
5 reading comprehension. More specifically, children’s reading comprehension is related 
to storage and processing capacity measures that either mainly tap into phonological 
aspects or mainly into semantic aspects. Moreover, the relation between storage of 
semantic information, semantic working memory and reading comprehension is further 
analyzed. Chapter 5 focuses on the relation between semantic representations, semantic 
retrieval and reading comprehension development. More specifically, it regards the 
contribution of automatic and controlled semantic retrieval to reading comprehension 
development in grades 4 to 6, while taking decoding and vocabulary size into account. 
In Chapter 6, the results of the four empirical studies will be discussed. Additionally in 
this concluding chapter, a summary of the main results will be provided, and theoretical 
and practical implications will be outlined.
20
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Chapter 2
Beyond the Simple View of Reading: 
The Impact of Executive Functions 
This chapter is based on: Nouwens, S., Groen, M. A., Kleemans, T., & Verhoeven, L. 
Beyond the simple view of reading: The impact of executive functions. Submitted for 
publication.
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ABSTRACT
The simple view of reading restricts itself to decoding and linguistic comprehension 
and does not consider the role of executive functions, which may additionally account 
for variation in children’s reading comprehension. The present study on reading 
comprehension therefore investigated the effects of multiple executive functions (i.e. 
working memory, inhibition and planning) to the components of the simple view of 
reading within a longitudinal design. One-hundred-and-thirteen fourth grade children 
were tested on their executive functions, and their decoding skills, linguistic abilities and 
reading comprehension, one year later. Using Structural Equation Modeling, the results 
indicated direct effects of working memory and planning on reading comprehension, 
as well as indirect effects of working memory and inhibition via decoding. The results 
of the present study on reading comprehension highlight the importance of executive 
functions in addition to components of the simple view of reading.
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INTRODUCTION
Becoming proficient in reading comprehension is an important goal of primary 
education. As proposed by the simple view of reading (Hoover & Gough, 1990) and 
consistently supported by other studies, reading comprehension is largely predicted 
by decoding and linguistic comprehension (i.e. the linguistic processes involved in the 
comprehension of oral language, which is commonly assessed with vocabulary and 
syntax knowledge). In addition, it has been found that higher-level cognitive processes 
(i.e. executive functions) account for individual variation in reading comprehension 
beyond the contributions of decoding skills and linguistic comprehension (e.g., Cutting, 
Materek, Colé, Levine, & Mahone, 2009; Kieffer, Vukovic, & Berry, 2013; Sesma, Mahone, 
Levine, Eason, & Cutting, 2009). Executive functions can be seen as a multi-componential 
construct including, among others, working memory, inhibition and planning (Lehto, 
Juujärvi, Kooistra, & Pulkkinen, 2003; Miyake, Friedman, Emerson, Witzki, Howerter, & 
Wager, 2000). Though the relation between several individual executive functions and 
reading comprehension has been demonstrated, it has not yet been examined how 
each of these skills is uniquely related to the simple view of reading. In the present 
study it was therefore investigated to what extent children’s executive functions in grade 
4 predicted their reading comprehension in grade 5, while taking into account their 
decoding and linguistic comprehension.
It is generally accepted that the understanding of written text depends on the ability 
to decode words (Lyon, 1995; Torgesen, 2000) and on a sufficient level of linguistic 
comprehension, such as syntactic (Cutting & Scarborough, 2006; Muter, Hulme, 
Snowling, & Stevenson, 2004; Oakhill & Cain, 2012) and semantic skills (Cutting et al., 
2006; Nation & Snowling, 2004; Torgesen, 2000). This is captured in the classic model 
‘the simple view of reading’ (Hoover & Gough, 1990), which proposes that reading 
comprehension is the product of decoding and linguistic comprehension.
Previous studies have demonstrated that decoding and linguistic comprehension predict 
individual variation in children’s reading comprehension both in the lower grades (Muter 
et al., 2004), as well as in the upper grades of primary school (de Jong & van der Leij, 
2002; Goff, Pratt & Ong, 2005; Nation & Snowling, 2004; Oakhill, Cain, & Bryant, 2003; 
Verhoeven & van Leeuwe, 2008). However, the relative contribution of decoding and 
linguistic comprehension to reading comprehension changes with grade level (Gough & 
Tunmer, 1986; Hoover & Gough, 1990). Decoding is found to be particularly important 
for reading comprehension in beginning readers, (Bast & Reitsma, 1998; Catts, Hogan, 
& Adlof, 2005; Verhoeven & van Leeuwe, 2008), whereas when decoding becomes 
automatic (typically around grade 4), more resources become available to process the 
meaning of a text (Perfetti, 1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992), at 
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which point the contribution of linguistic comprehension to reading comprehension 
increases (Bast & Reitsma, 1998; Catts et al., 2005; Verhoeven & van Leeuwe, 2008). 
Similarly, the automaticity of decoding allows for an increase in the availability of resources 
for other cognitive demands involved in reading comprehension (e.g., Cunningham, 
Stanovich, & Wilson, 1990; Perfetti, 1985). This is in line with studies demonstrating that 
in addition to decoding and linguistic comprehension, reading comprehension in the 
upper grades of primary school was accounted for by variation in children’s executive 
functioning (e.g., Cain, Bryant, & Oakhill, 2004; Christopher et al., 2012; Cutting et al., 
2009; 2010; Kieffer et al., 2013; Sesma et al., 2009). Executive functions reflect a family of 
top-down mental processes, which are necessary for goal-directed behavior. One of the 
most dominant theoretical accounts in the literature concerning executive functions and 
reading comprehension is the working memory model of Baddeley and Hitch (1974; see 
also Baddeley, 2000). It proposes that working memory is a mechanism that facilitates 
the ability to store information while simultaneously carrying out processing operations 
(Daneman & Carpenter, 1980). In a parallel analysis of executive functioning, three core 
executive functions have been identified in adults (Miyake et al., 2000) and children 
(Lehto et al., 2003) including updating and monitoring of working memory processes 
(which is closely linked to the notion of working memory as reflected by Baddeley’s 
model; Jonides & Smith, 1997; Lehto, 1996), inhibition and cognitive flexibility (also 
referred to as switching and/or shifting). From these core executive functions, higher-
order executive functions are built such as reasoning, problem solving and planning 
(Collins & Koechlin, 2012; Lunt et al, 2002). 
Three executive functions that have primarily been reported to be important for reading 
comprehension are: working memory (e.g., Carretti, Borella, Cornoldi, & De Beni, 2009; 
Daneman & Merikle, 1996; Seigneuric & Ehrlich, 2005), inhibition (Arrington, Kulesz, 
Francis, Fletcher, & Barnes, 2014; Kieffer et al., 2013) and planning (Cutting et al., 2009; 
Sesma et al., 2009). However, as of yet, it remains unclear how these executive functions 
contribute uniquely to reading comprehension as their contributions have mostly been 
examined separately. Additionally, it is unclear how these executive functions contribute 
to reading comprehension beyond the contributions of decoding and linguistic 
comprehension. 
The relation between working memory and reading comprehension is well established. 
Working memory is considered to be important for reading comprehension to integrate 
stored representations with incoming information (Baddeley & Hitch, 1974; Daneman & 
Carpenter, 1980; Masson & Miller, 1983). More specifically, when children are reading, 
they have to integrate the situation described by the text with information that has 
been read previously and/or with prior knowledge (Kintsch, 1998). Previous research has 
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consistently indicated direct contributions of working memory to reading comprehension 
in adults and children in both cross-sectional (for meta-analyses see Daneman & Merikle, 
1996; Carretti et al., 2009) and longitudinal designs (Seigneuric & Ehrlich, 2005), after 
controlling for decoding and linguistic comprehension (e.g., Cain et al., 2004; Kieffer et 
al., 2013; Oakhill et al., 2003; Sesma et al., 2009).
Inhibition is assumed to be needed for reading comprehension in order to form coherent 
text representations. During reading, a child may come across text passages that 
contain various sources of irrelevant information or ambiguity in the overall context that 
need to be inhibited in order to form an accurate representation of the text (Cain, 2006; 
Carretti et al., 2009; De Beni & Palladino, 2000). This type of inhibition (i.e. prepotent 
response inhibition; Friedman & Miyake, 2004) reflects the inhibition of dominant and 
automatic responses activated by the presented stimulus. However, evidence for a 
unique contribution of prepotent response inhibition to reading comprehension, after 
accounting for decoding and linguistic comprehension, is inconsistent. While Kieffer and 
colleagues (2013) found both working memory and prepotent response inhibition to 
account for individual differences in reading comprehension in 9- to 10-year old children, 
Christopher and colleagues (2012) found working memory, but not prepotent response 
inhibition, to account for reading comprehension in children aged 8 to 16 years old. 
These contradictory findings may be caused by the sample of the study of Kieffer and 
colleagues (2013), which had a below-average performance on reading comprehension. 
Perhaps the contribution of inhibition to variation in reading comprehension is more 
relevant in children who experience reading comprehension difficulties. Others studies 
have suggested that resistance to proactive interference (the ability to suppress or 
remove outdated information to help maintain relevant stimuli in working memory; 
Friedman & Miyake, 2004) is also relevant for reading comprehension (Arrington et 
al., 2014; Borella, Carretti, & Pelegrina, 2010). This type of inhibition is entwined with 
working memory (Friedman & Miyake, 2004), Therefore, the current study focused on 
prepotent response inhibition only, as the aim was to investigate the contribution of 
inhibition to reading comprehension separate from working memory.
Finally, planning is defined as the ability to decide which actions are necessary to 
efficiently reach and complete a goal (Cartwright, 2009; Diamond, 2013). It has been 
shown to account for variation in reading comprehension, after controlling for decoding, 
linguistic comprehension and working memory in 9- to 15-year olds (Cutting et al., 2009; 
Sesma et al., 2009). Similarly, Georgiou and Das (2016) demonstrated a contribution of 
working memory and planning to reading comprehension in young adults (Mage = 
21.82 years). It has been proposed that good planners regularly monitor whether their 
text representations are correct and if not, may even change strategies, in order to 
achieve a correct understanding of the text (Cartwright, 2015).
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Besides their direct relevance to reading comprehension, executive functions may also 
be needed for decoding and linguistic comprehension: The other components in the 
simple view of reading. With respect to decoding, working memory is proposed to 
facilitate the mapping of graphemes to corresponding phonemes, while retaining the 
retrieved phonemes and syllables in storage so that words can be recognized (Just 
& Carpenter, 1992). The results concerning the relation between working memory 
and decoding are somewhat inconsistent. This might be due to the fact that working 
memory can be measured by various tasks that tap into different underlying domains. 
When a more verbal-oriented working memory measure was used, significant relations 
between working memory and decoding have been consistently reported (Arrington 
et al., 2014; Christopher et al., 2012; Gottardo, Stanovich, & Siegel, 1996; Miyake, 
Keenan, Pennington, & DeFries, 2012), but this was not the case for working memory 
measures that tapped into the visual spatial domain (Kieffer et al., 2013). During 
the process of decoding, incorrect representations need to be suppressed, which is 
controlled by inhibition mechanisms (Altemeier, Abbott, & Berninger, 2008; Arrington 
et al., 2014). There is some evidence that prepotent response inhibition is associated 
with decoding skills (Altemeier et al., 2008; Arrington et al., 2014; Kibby, Lee, & Dyer, 
2014). However, others have reported the contribution of prepotent response inhibition 
to decoding not to be significant (Kieffer et al., 2013). This contradictory finding may be 
caused by differences in the assessment of decoding. To our current knowledge, only 
Sesma and colleagues (2009) regarded the contribution of planning to decoding. They 
hypothesized that higher-order executive functions are only involved in complex tasks 
and not in simple task such as single word reading. Indeed, their results demonstrated 
no significant contribution of planning to decoding.
With regard to linguistic comprehension, it is generally assumed that working memory 
is needed to integrate information across individual word meanings (vocabulary 
knowledge) and word functions (syntax knowledge) in sentences while holding those 
representations in memory (Daneman & Carpenter, 1980; Masson & Miller, 1983). In 
order to form accurate integrations to establish a coherent representation of the text, 
competing word meanings of ambiguous words need to be suppressed, which is 
proposed to be facilitated by inhibition (Cain, 2006; Carretti et al., 2009; De Beni & 
Palladino, 2000). Previous research has demonstrated that working memory accounts for 
individual differences in linguistic comprehension such as expressive language abilities 
(Adams & Gathercole, 1995, 1996) and listening comprehension (Florit, Roch, Altoè, 
& Levorato, 2009; Florit, Roch, & Levorato, 2013). However, listening comprehension 
implies the involvement of both linguistic and cognitive factors, and not linguistic skills in 
isolation, complicating the interpretation. Though the positive relations between working 
memory and linguistic comprehension have been reported (Adams & Gathercole, 1995, 
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1996; Florit et al., 2009, 2013), relations between other executive functions and linguistic 
comprehension in typically developing children have not been investigated. 
In short, although the contribution of decoding, linguistic comprehension and executive 
functions to reading comprehension has been reported, it remains unclear how 
executive functions contribute to reading comprehension beyond the contributions of 
decoding and linguistic comprehension. Firstly, knowledge of the unique contribution 
of these executive functions to reading comprehension in addition to decoding and 
linguistic comprehension is limited. Secondly, studies investigating both direct and 
indirect effects of executive functions on the simple view components (i.e. decoding, 
linguistic comprehension and reading comprehension) are generally lacking. For 
example, it is unclear whether inhibition accounts for variance in either decoding or 
reading comprehension, or both, and if so, whether inhibition indirectly predicts reading 
comprehension via decoding. Thirdly, so far no attempt has been made to study the 
contribution of executive functions to the components of the simple view of reading 
using a longitudinal approach. In the current study we therefore used a longitudinal 
design to investigate the contribution of working memory, inhibition and planning in 
grade 4 to decoding, linguistic comprehension and reading comprehension in grade 5 
in 113 Dutch children. This grade level is of particular importance as children’s decoding 
becomes automated and, as a consequence, the availability of cognitive resources for 
higher-level comprehension processes increases (e.g., Cunningham et al., 1990; Perfetti, 
1985), and executive functions become more important for reading comprehension. 
The following research question was asked: ‘To what extent do executive functions 
(working memory, inhibition and planning) contribute differentially to the components in 
line with the simple of view of reading?” We expected that both decoding and linguistic 
comprehension would contribute to variation reading comprehension (hypothesis 1). 
Our second and third hypotheses concern the impact of executive functions on the 
components of the simple view of reading. We hypothesized that executive functions 
would contribute directly to reading comprehension (hypothesis 2) and, additionally, 
that executive functions would contribute indirectly to reading comprehension via 
decoding and linguistic comprehension (hypothesis 3; an overview of included relations 
is depicted in Figure 1). 
METHOD
Participants
A total of 122 Dutch fourth grade children was recruited from four primary schools 
in The Netherlands. In grade 4, we assessed children’s non-verbal cognitive ability by 
using the Raven’s Coloured Progressive Matrices (Raven, Raven, & Court, 2003). Five 
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Note. The lines in Figure 1 represent the relations that were included in the structural equation model. The grey 
square represents components included in the Simple View of Reading.
Figure 1 | Proposed Research Questions Represented in a Structural Equation Model. 
Working memory
Inhibition
Planning
Decoding
Linguistic 
comprehension
Reading 
comprehension
Grade 4 Grade 5 Grade 5
children scored below the 25% percentile of this standardized measure and were 
therefore excluded from the present study. After grade 4, two children dropped out of 
the study due to having moved (n = 1) or repeating grade 4 (n = 1). Furthermore, in 
grade 5, another two children were excluded because they failed to answer over 10% 
of the questions on the reading comprehension test. Therefore, in the present study, 
the final sample consisted of 113 children, including 65 boys and 48 girls (Time 1, grade 
4: Mage = 9.89; SD = .44 years; Time 2, grade 5: Mage = 11.07; SD = .42 years). 
Scores on a variety of tasks were not obtained for seven additional children, due to 
illness or technical malfunctions. Therefore, these children were not included in further 
analyses. The percentage of non-native speakers of Dutch was less than 3%, which falls 
below the average minority representation (15%) in Dutch elementary schools (Tesser, 
Merens, & Van Praag, 1999). Informed parental consent was obtained for all children.
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Materials
Executive functions measured at time 1 (grade 4)
Working memory. Working memory was assessed by means of a backward digit span 
(Wechsler Intelligence Scale for Children—III—NL, 2004) and a Dutch translation of Gaulin 
and Campbell (1994)’s Competing Language Processing Task. The backward digit span 
required participants to store orally presented digits and to reproduce these in reverse 
order. The backward digit span contained 7 blocks, including two digit sequences per 
block. The number of digits in a sequence increased over blocks, starting with two, 
and ending with eight digits. When participants were able to successfully recall at least 
one sequence per block, they moved up to the next block with a longer sequence 
of digits. The test ended when the participant incorrectly recalled both trials within a 
block. The number of correctly recalled trials reflected working memory. The maximum 
possible score was 14. The internal consistency reliability for this test is reported to be 
.78 (Wechsler Intelligence Scale for Children—III—NL, 2004). 
Gaulin and Campbell (1994)’s Competing Language Processing Task requires participants 
to recall sentence-final words after judging if the orally presented sentences are 
semantically correct or incorrect. It is therefore very similar to Daneman and Carpenter 
(1980)’s listening span task, but contains shorter and simpler sentences and is therefore 
more suitable for use with children. For the current study, we used a translation 
of Gaulin and Campbell (1994)’s Competing Language Processing Task1. The task 
contained 5 blocks of two sets. The number of sentences increased gradually for each 
pair of sets, starting with two sentences per set and leading up to six sentences per set. 
The percentage of correct judgments (whether sentences were semantically correct or 
incorrect) was over 90% for all participants. The total number of correctly recalled words 
was taken as an indication of working memory. The maximum possible score was 42. 
The split-half reliability of the task (calculated by dividing the equal sized sets) was .68 
after Spearman–Brown correction for test length. 
Inhibition. Inhibition was assessed with the Dutch version of the Color Word Interference 
Test (Delis, Kaplan, & Kramer, 2001). Participants were presented with the words “red”, 
“green” and “blue” and were asked to name the incongruent ink color (red, green or 
blue) of the printed words out loud, as quickly and accurately as possible. For example, 
the ink color of the word “red” was blue (correct answer: blue). Naming the ink color of 
the word requires suppression of the overlearned response (reading the word) in order 
to execute the less automatized response (naming the ink color) and is an effortful 
1 The materials and procedure were adapted from Gaulin and Campbell (1994) and were translated into 
Dutch.  For the current study we made two minor adaptions.  “Pumpkins are purple” was translated 
into “Mandarijnen zijn paars” (Mandarins are purple) and “Hotdogs can bark” into “Koeien kunnen 
blaffen” (“Cows can bark”) as “Pumpkins” and “hotdogs” are not high frequency words in Dutch.  
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process. Inhibition was reflected by the time in seconds needed to complete the task. 
In case the participant was not able to finish the task within 180 seconds, the task was 
ended. Hence, the maximum possible score was 180, where a higher score reflected a 
poorer performance. The reliability for this task is reported to range between .70 and 
.79 (Delis et al., 2001).
Planning. Planning was measured with the Tower task (Delis et al., 2001). Participants 
were required to build nine increasingly difficult towers from a prearranged initial state 
to a goal state (a tower) that was presented in a picture. Towers were built by moving a 
set of three to five discs varying in size across three pegs. The instructions were to use 
as few moves as possible while adhering to specific rules regarding the movement of 
the discs. The total number of moves used to reach the goal states of all towers was 
used to reflect planning skill. A higher score therefore reflected a poor performance. 
The minimum possible score to complete all towers was 85. Internal consistency 
reliability for this task is reported as .84 (Delis et al., 2001).
Simple view of reading components measured at time 2 (grade 5)
Reading comprehension. Reading comprehension was assessed with a standardized 
Dutch task, “Diatekst” (H. I. Hacquebord, personal communication, school year 2011–
2012). The participants were presented with six textbook texts with an average difficulty 
level suitable for grade 5. For each text, participants were instructed to read the text 
prior to answering the 10 to 12 accompanying multiple-choice questions, which covered 
micro-, meso- and macrostructures of the text. Questions on micro-level covered word 
knowledge and syntactic constructions. Meso-level questions reflected relations between 
sentences of the text. Macro-level questions reflected global text comprehension. The 
texts remained available for reading during the entire test. The total score reflected the 
total number of correct answers, with a maximum of 67. The reliability analyses showed 
a Cronbach’s alpha of .89.
Decoding. Decoding was assessed by means of the Klepel (Brus & Voeten, 1999), a 
standardized Dutch test where participants were asked to read a list of pseudowords as 
quickly and accurately as possible. The list contained 116 items, increasing in length and 
difficulty. The total number of pseudowords read correctly within two minutes reflected 
decoding. The parallel-forms correlation for grade 5 is reported to be .92. 
Linguistic comprehension. Linguistic comprehension was assessed by receptive 
vocabulary and productive syntactic complexity. Vocabulary was measured using 
the Peabody Picture Vocabulary Test—III—NL (PPVT—III—NL; Dunn & Dunn, 2005). 
Participants were presented with four pictures on a computer screen, while they heard 
a word. Children were requested to indicate which picture best reflected the presented 
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word. Words were presented in blocks of 12 items. The task was discontinued when 
participants made nine mistakes or more within one block. The maximum possible 
score was 204. The test–retest reliability is reported to range between .89 and .97 (Dunn 
& Dunn, 2005). 
Syntactic complexity was measured using the Beach Story of the Expression, Reception 
and Recall of Narrative Instrument (ERRNI; Bishop, 2004). The participants were 
presented with 15 pictures that were linked together sequentially to form a story. After 
careful examination of all the pictures, participants were asked to tell the story that the 
pictures portrayed. We transcribed the recorded audio files and subsequently calculated 
the Mean Length of T-Units in words (minimal terminable syntactic units; for guidelines 
see Hunt, 1966), as an indicator of the child’s syntactic complexity, using CLAN from 
CHILDES (MacWhinney, 2000). As CLAN automatically calculates syntactic complexity, a 
reliability estimate is not required.
Procedure
Reading comprehension and non-verbal cognitive ability were administered in class. 
The remaining tasks were administered individually. The tasks were divided over two 
sessions. The order of the tasks was fixed and carefully arranged to prevent cognitive 
overload. 
Data Analyses
Before performing the correlation and Structural Equation Model analyses, we 
conducted several steps to transform the data. First of all, as a higher score on inhibition 
and planning reflected a poorer performance, these scores were transposed such that 
a higher score reflected a better performance. Next, all raw scores were converted 
into z-scores (M = 0; SD = 1). We then computed composite scores for linguistic 
comprehension (PPVT—III—NL and ERRNI), and working memory (backward digit span 
and Competing Language Processing Task), by calculating the average z-scores. 
Structural Equation Modeling, using LISREL software (Jöreskog & Sörbom, 2003) was 
undertaken to test the contribution of: 1) decoding and linguistic comprehension to 
reading comprehension (i.e. simple view of reading) (Model 1); 2) the contribution 
of executive functions (i.e. working memory, inhibition, and planning) to individual 
differences in reading comprehension (Model 2); and 3) the contribution of executive 
functioning to individual differences in all components of the simple view of reading 
(Model 3). To evaluate the model fit, the following indices can be used. Firstly, the 
p-value associated with the Chi-square distribution should exceed .05 (Barrett, 2007). 
In addition to this measure, both the Comparative Fit Index (CFI) and Non-Normed Fit 
Index (NNFI) should exceed .95 (Hu & Bentler, 1999). Lastly, the Root Mean Square Error 
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of Approximation (RMSEA) should not exceed .06 and the value of the standardized 
root mean square residual (SRMR) should be smaller than .08. 
RESULTS
Descriptive statistics are in raw scores and displayed in Table 1. All variables met the 
criteria for normal distribution as skewness and kurtosis were > -2.0 and < 2.0 (cf. George 
& Mallery, 2010). The Pearson correlations are displayed in Table 2. The results showed 
that both decoding and linguistic comprehension correlated significantly with reading 
comprehension. Furthermore, reading comprehension was significantly correlated with 
the executive functions working memory and planning. The correlation with inhibition 
was not significant. Finally, decoding was positively correlated with inhibition and 
working memory. 
The results of the Structural Equation Modeling analysis are displayed in Figure 2. 
Model 1 regarded the relative contribution of decoding and linguistic comprehension in 
grade 4 to reading comprehension in grade 5. The analyses yielded a saturated model 
indicating that both decoding and linguistic comprehension contributed to reading 
comprehension. Furthermore, Model 2 regarded the relative contributions of working 
memory, inhibition and planning to reading comprehension. The analyses yielded a 
saturated model indicating that both working memory and planning predicted reading 
comprehension one year later. Finally, model 3 again showed an excellent model fit (χ2(7) 
=2.46, p = 0.930, CFI = 0.992, NNFI = 1.140, RMSEA < 0.001, SRMR = 0.031), in which 
both working memory and planning had a direct effect on reading comprehension. 
With respect to inhibition, the results showed that the direct relation between inhibition 
and reading comprehension was significant in model 3. However, when regarding the 
total effects, it was shown that the contribution of inhibition to reading comprehension 
was not significant (Beta = -.136, p > .05). Hence, it appears that this result is due 
to a statistical artifact (possibly caused by the strong relation between inhibition and 
decoding). Moreover, all other results in model 3 are in line with the correlations analysis, 
model 1 and 2, suggesting that the statistical artifact is limited to the relation between 
inhibition and reading comprehension. Furthermore, working memory and inhibition 
also indirectly contributed to reading comprehension via decoding skills. None of the 
executive functions contributed to linguistic comprehension. 
DISCUSSION
The present study investigated how executive functions (i.e. working memory, inhibition 
and planning) contributed to decoding, linguistic comprehension and reading 
comprehension by means of a longitudinal study. Consistent with the previous literature, 
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Table 2 | Correlations (N=106) among Executive Functions (at Time 1), Decoding, Linguistic 
Comprehension, and Reading Comprehension (at Time 2).
 1 2 3 4 5 6
Time 1
1 Working memory -
2. Inhibition .141 -
3. Planning .144 .147
Time 2
4. Decoding .320 ** .402 ** .049 -
5. Linguistic comprehension .096 -.033 .130 .139 -
6. Reading comprehension .396 ** -.055 .214 * .344 ** .336 ** - 
Note. *p < .05 **p < .01. 
Table 1 | Descriptive Statistics (N =106) of Executive Functions (at Time 1), and Decoding, Linguistic 
Comprehension, and Reading Comprehension (at Time 2). Table 1 includes Mean Scores and Standard 
Deviations (SD), Minimum (Min.) and Maximum (Max.) Scores, and Kurtosis and Skewness values.
 M SD Min. Max. Skew-
ness
Kurtosis
Time 1
Working memory 
Backward digit span 4.491 1.587 0 8 -0.004 -0.301
Competing Language Processing Task 25.085 3.765 18 36 0.577 -0.033
Inhibition 86.698 20.295 51 153 0.988 1.367
Planning 170.793 37.527 98 307 0.543 0.592
Time 2
Decoding 62.613 18.142 22 102 0.088 -0.363
Linguistic comprehension 
PPVT— III—NL 124.594 13.617 96 155 -0.427 -0.186
ERRNI 7.926 0.951 4.67 10.63 -0.367 1.449
Reading comprehension 50.81 9.915 25 66 -0.881 0.083
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Figure 2 | Structural Equation Models investigating the Relations between Executive Functions and the Simple 
View of Reading in Line with our Research Questions.
Decoding
Linguistic 
comprehension
Reading 
comprehension
Grade 4 Grade 5
.30*
.29*
Grade 5
Working memory
Inhibition
Planning
Reading 
comprehension
Grade 4 Grade 5 Grade 5
.39**
.18*
-.14
Model 2
Model 1
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and confirming our first hypothesis (de Jong & van der Leij 2002; Goff et al., 2005; Nation 
& Snowling, 2004; Oakhill et al., 2003; Verhoeven & van Leeuwe, 2008), the current study 
demonstrated the importance of decoding and linguistic comprehension for reading 
comprehension, supporting the simple view of reading (Hoover & Gough, 1990). The 
beta's of decoding and linguistic comprehension (Model 1, see Figure 2) demonstrated 
moderate contributions to reading comprehension which is in line with previous studies 
(decoding: Seigneuric & Ehrlich, 2005; Veenendaal, Groen, & Verhoeven, 2014; linguistic 
comprehension: de Jong & van der Leij 2002; Oakhill & Cain, 2012; Oakhill et al., 2003; 
Verhoeven & van Leeuwe, 2008). 
With respect to the second hypothesis—the contribution of executive functions to 
reading comprehension—the results indicated that both working memory and planning 
as measured in grade 4, accounted for variance in reading comprehension one 
year later (Model 2, see Figure 2). This is in line with previous research that showed 
Notes. * p <.05. ** p < .01. The lines in Figure 2 represent the relations that were included in the structural equation 
model. The dashed lines represent the relations between variables that turned out to be non-significant. The solid 
lines represent significant relations between variables.
Working memory
Inhibition
Planning
Decoding
Linguistic 
comprehension
Reading 
comprehension
Grade 4 Grade 5 Grade 5
.29*
-.23*
.31*
.24*
.16*
.37**
.27*
.09
.06
-.04
.13
Model 3
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both working memory (Daneman & Merikle, 1996; Seigneuric & Ehrlich, 2005) and 
planning (Cutting et al., 2009; Sesma et al., 2009) to be directly related to reading 
comprehension. Moreover, the current study demonstrates that a domain-general, 
higher-order executive function (i.e. planning) contributed to reading comprehension, 
after controlling for working memory. Inhibition, on the contrary, did not directly predict 
reading comprehension skills. These findings support the results of Christopher and 
colleagues (2012), who also found no contribution of prepotent response inhibition to 
reading comprehension in children aged 8 to 16 years old. Similar results have been 
found in adolescents (Arrington et al., 2014). Others have suggested that, rather than 
prepotent respone inhibition, resistance to proactive interference (the ability to suppress 
or remove outdated information to help maintain relevant stimuli in working memory; 
Friedman & Miyake, 2004) is relevant for reading comprehension (Arrington et al., 2014). 
Future work should clarify the specific nature of the contribution of inhibition to reading 
comprehension, as different types of inhibition appear to contribute to different aspects 
of reading comprehension.
With respect to the third hypothesis and the final model (Model 3, see Figure 2), the 
results showed, that in addition to direct effects of executive functions on reading 
comprehension, executive functions indirectly affected reading comprehension via 
decoding skills, but not via linguistic comprehension. 
The current study demonstrated significant contributions of working memory to decoding 
skills in addition to its contribution to reading comprehension. Significant effects for 
working memory on decoding have been reported in other studies as well (Arrington 
et al., 2014; Christopher et al., 2012; Gottardo et al., 1996; Miyake et al., 2012). Working 
memory is proposed to be needed for decoding to efficiently map graphemes to 
corresponding phonemes (Just & Carpenter, 1992). Our findings concerning prepotent 
response inhibition and decoding are concurrent with other studies (Altemeier et al., 
2008; Arrington et al., 2014). It has been suggested that inhibition mechanisms facilitate 
decoding by suppressing distracting information evoked by the words in the text, 
such as homophones and homonyms (Arrington et al., 2014). However, the type of 
measurement of inhibition may influence the results. As both decoding and inhibition 
measures were timed measures, the contribution of the Color Word Interference to 
decoding, may also reflect speed of processing. Future work should clarify the specific 
nature of the contribution of inhibition to reading decoding.
No significant results were found regarding the contributions of executive functions 
to linguistic comprehension. These findings are in line with the results of Kieffer and 
colleagues (2013) who also found no contribution of working memory or inhibition to 
linguistic comprehension, which was measured by a task which draws upon syntactic 
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and semantic knowledge, in concurrence with the measurements in the present study. 
Our findings are however in contrast with the results of Adams and Gathercole (1995; 
1996), who found that working memory affected the expressive language abilities—
assessed with a task similar to the ERRNI —of children in the fourth grade. Hence, 
these results suggest that executive functions influence linguistic comprehension only 
in younger children, however, a longitudinal study investigating multiple aspects of 
linguistic comprehension and executive functioning should clarify this relation.
Finally, the results of the present study pointed out that planning was only directly 
(and not indirectly) related to reading comprehension skills. These results seem to 
fit with previous cross-sectional studies (Cutting et al., 2009; Sesma et al., 2009), but 
were the first to provide longitudinal evidence for the role of planning in reading 
comprehension skills. Planning can be seen as a higher-level executive function, which 
is involved in meta-cognitive processes such as monitoring of one’s own understanding 
and reasoning (Diamond, 2013; Vellutino, Scanlon, & Lyon, 2000). This may explain why 
planning is important for reading comprehension, but not for decoding and linguistic 
comprehension. In short, the results of the current study demonstrate that in grade 
5, executive functions are necessary for multiple components of the simple view of 
reading, however different executive functions are necessary for decoding than for 
reading comprehension.
Of course, some limitations apply to the present study. It is generally agreed upon that 
there are three core executive functions including updating and monitoring of working 
memory processes, inhibition and cognitive flexibility. In the current study we did not 
address the contribution of cognitive flexibility—the ability to shift between multiple 
operations and mental states (Anderson, 2002; Diamond, 2013)—to the components of 
the simple view of reading. Cognitive flexibility is needed for reading comprehension 
to adapt existing text representations to new text representations (Diamond, 2013), or 
to adjust reading strategies based on the reading goal and task difficulty (Ramsel & 
Grabe, 1983). Indeed, recent studies have shown that cognitive flexibility was found to 
explain variance in children's reading comprehension, in addition to working memory 
(Colé, Duncan, & Blayne, 2014; Kieffer et al., 2013). Moreover, it is thought to aid in 
simultaneously processing of phonological and semantic information for reading 
comprehension or to retrieve multiple mental representations from the mental lexicon 
or long-term memory (for review see Cartwright, 2009), which indicates that cognitive 
flexibility may be involved in decoding and linguistic comprehension. Future work should 
investigate the contribution of cognitive flexibility to the components of the simple view 
of reading, alongside the executive functions working memory, inhibition and planning.
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To conclude, the present study on reading comprehension highlighted the importance 
of executive functions in addition to the underlying components (i.e. decoding and 
linguistic comprehension) of the simple view of reading. As a practical implication, 
when it comes to assessment and intervention of reading comprehension skills, 
educational professionals should not only take into account the decoding and linguistic 
comprehension children bring into the classroom, but their executive functions as well. 
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Chapter 3
How Storage and Executive Functions 
Contribute to Children’s Reading 
Comprehension
This chapter is based on: Nouwens, S., Groen, M. A., & Verhoeven, L. (2016). How 
storage and executive functions contribute to children's reading comprehension. 
Learning and Individual Differences, 47, 96-102. doi: 10.1016/j.lindif.2015.12.008
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ABSTRACT
In the current study we investigated the contribution of storage and separate measures 
of executive functions to reading comprehension in Dutch fifth graders, while controlling 
for word recognition and vocabulary. In addition we investigated the relation between 
this model and working memory as assessed with a listening span task, which reflects 
an integrated measure of both storage and executive functions. Regression analysis 
revealed that word recognition, vocabulary, cognitive flexibility and performance on the 
listening span task contributed directly to reading comprehension. Adding the listening 
span task to the final model led to a change in the beta-values of storage, inhibition 
and cognitive flexibility, indicating that these variables shared variance with performance 
on the listening span task. A second regression analysis confirmed this finding: Storage, 
inhibition and cognitive flexibility contributed to performance on the listening span task, 
and hence indirectly to reading comprehension. Together, these findings highlight the 
contribution of storage and executive functions to children's reading comprehension. 
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INTRODUCTION
Reading comprehension is the product of a complex integration of multiple skills. First, 
it depends on the ability to efficiently decode words (Lyon, 1995; Torgesen, 2000) as that 
allows the reader to draw word representations from the text. Consequently, children 
with poor decoding skills commonly experience difficulties with reading comprehension 
(Shankweiler, 1999; Torgesen, 2000). Nevertheless, reading comprehension difficulties 
cannot always be attributed to difficulties in word decoding. A considerable number of 
children has reading comprehension difficulties despite having an age-appropriate level 
of word decoding (Cain & Oakhill, 2006; Nation & Snowling, 2004; Yuill & Oakhill, 1991). 
As proposed by the lexical quality hypothesis (Perfetti & Hart, 2002) and supported by 
several other studies, reading comprehension performance also depends on language 
skills, such as syntactic (Cutting & Scarborough, 2006; Muter, Hulme, Snowling, & 
Stevenson, 2004; Oakhill & Cain, 2012) and semantic representations (Cutting & 
Scarborough, 2006; Nation & Snowling, 2004; Torgesen, 2000). In addition, working 
memory—the ability to store information while simultaneously carrying out processing 
operationsis a well-established predictor of reading comprehension performance (for 
meta-analyses, see Carretti, Borella, Cornoldi, & De Beni, 2009; Daneman & Merikle, 
1996). It is thought that working memory is needed for reading comprehension to 
integrate stored text representations with incoming information (Daneman & Carpenter, 
1980).
A commonly applied working memory model in the reading comprehension literature 
is the one by Baddeley and Hitch (1974). According to that model, verbal information 
is stored in the phonological loop, and visual and spatial information is stored in the 
visuospatial sketchpad. The model includes a central executive that controls the transfer 
of information from and to these two storage systems. In other words, the central 
executive controls the processing of information (see also Baddeley, 2000). Although 
the central executive is presented as a unitary system, it has been proposed that it may 
reflect or is linked to multiple, domain-general, executive functions (Baddeley, 1986, 
1996; Baddeley & Della Sala, Baddeley, Emslie, Kolodny, & Duncan, 1998). These include 
the three core executive functions updating (Morris & Jones, 1990), inhibition, (Baddeley 
et al., 1998; Borella, Carretti, & Pelegrina, 2010; Cain, 2006; De Beni & Palladino, 
2000) and cognitive flexibility, and higher-order executive functions, such as planning 
(Baddeley, 1996). In the past decades, researchers investigating individual differences in 
reading comprehension have frequently used Daneman and Carpenter’s (1980) listening 
span task to assess working memory. The listening span task is an integrated working 
memory task, which reflects multiple components including both storage (recalling 
sentence final words) and processing of information (sentence judgment) in concurrence 
with Baddeley’s model (2000). It is referred to as domain-specific as it assesses working 
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memory within the language domain, and taps into processes closely related to reading 
comprehension. 
Several studies have investigated whether individual differences in reading 
comprehension are best explained by the processing aspects or by the storage 
aspects of working memory tasks. There is substantial evidence that tasks measuring 
processing in addition to storage, such as the listening span task, are better indicators 
of reading comprehension performance than tasks assessing the temporary storage of 
information only, such as the word span task (Daneman & Carpenter, 1980; De Beni & 
Palladino, 2000; Swanson & Berninger, 1996). These results have been taken to suggest 
that individual differences in reading comprehension are mainly associated with the 
processing component of the listening span task. Regarding Baddeley’s model (2000), 
this entails that individual differences relevant to reading comprehension would lie in 
the central executive component. As the central executive may reflect or may be linked 
to multiple, domain-general, executive functions (Baddeley, 1986, 1996; Baddeley et al., 
1998) this suggests that individual differences relevant to reading comprehension could 
lie in variation in domain-general, executive functions, which may be tapped by using 
measures such as the listening span task. It is, however, unclear if and which separate 
measures of executive functions such as inhibition, updating, cognitive flexibility and 
planning are encompassed by the listening span task.
Two areas of research speak to whether these domain-general executive functions 
contribute to individual variation in reading comprehension. Firstly, largely separate 
studies have shown that different executive functions account for variance in reading 
comprehension performance. For instance, updating—the ability to replace no longer 
relevant information with new, more relevant information in working memory (Morris 
& Jones, 1990)—was found to contribute to reading comprehension performance in 
children (Barnes, Raghubar, Faulkner & Denton, 2014; Iglesias-Sarmiento, López & 
Rodríguez, 2015; Pelegrina, Capodieci, Carretti, & Cornoldi 2014). Similarly, inhibition—
the ability to suppress automatic reactions, ignore irrelevant information or suppress 
no longer relevant information (Friedman & Miyake, 2004)—has also been shown 
to contribute to reading comprehension performance in children (Barnes, Faulkner, 
Wilkinson, & Dennis, 2004; Kieffer, Vukovic, & Berry, 2013). Furthermore, cognitive 
flexibility—the ability to shift between multiple operations and mental states (also 
referred to as task switching or shifting; Anderson, 2002; Diamond, 2013)—was found 
to account for variance in children’s reading comprehension (Colé, Duncan, & Blayne, 
2014; Kieffer et al., 2013). Moreover, planning—the ability to decide which tasks are 
necessary to efficiently reach and complete a goal (Cartwright, 2009)—has been shown 
to contribute to children‘s reading comprehension performance (Cutting, Materek, Cole, 
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Levine, & Mahone, 2009; Locascio, Mahone, Eason, & Cutting, 2010; Sesma, Mahone, 
Levine, Eason, & Cutting, 2009). 
Secondly, in a small number of recent studies an indirect relation between inhibition and 
children’s reading comprehension, via working memory tasks, has been reported. While 
performing working memory tasks similar to Daneman and Carpenter (1980)’s listening 
span task, children with difficulties in reading comprehension were more likely to recall 
target words from previous trials that should have been eliminated from memory (De 
Beni & Palladino, 2000; Borella, et al., 2010; Cain, 2006). These findings have been 
interpreted as a deficiency in inhibitory mechanisms, which has been suggested to 
explain variation in working memory task performance, which in turn has been put 
forth in explaining variance in reading comprehension (Cain, 2006). To our knowledge, 
indirect (i.e. via working memory tasks) contributions of updating, cognitive flexibility 
and planning, to reading comprehension, have not been investigated.
In summary, domain-specific working memory, commonly assessed with a listening span 
task, has been found to be a significant predictor of variation in reading comprehension 
even when word recognition and language ability are taken into account. Previous 
studies have shown that such working memory tasks, which reflect processing in 
addition to storage, are better predictors of reading comprehension performance 
than storage tasks, indicating that it is the general processing component tapped by 
working memory tasks that is important for reading comprehension, rather than the 
storage component (Daneman & Merikle, 1996; Cain, 2006). At the same time, previous 
work suggests that the general processing component, conceptualized as the ‘central 
executive’ in Baddeley (2000)’s model, taps into several executive functions that may 
contribute to individual differences in reading comprehension as well. Indeed there are 
indications that executive functions may indirectly contribute to reading comprehension 
via working memory tasks. Moreover, a few studies have also found that executive 
functions directly contribute to reading comprehension performance. 
Though the associations between working memory and reading comprehension are 
well documented, several issues remain to be investigated. First of all, as working 
memory is commonly measured with the domain-specific, integrated listening span, it is 
unclear how and if both storage and separate measures of executive functions relate to 
reading comprehension performance. Secondly, as it stands, a relation between different 
executive functions and reading comprehension has been reported repeatedly, but so far 
those relations have mostly been investigated in isolation in the sense that studies only 
included one executive function (except for Cutting et al., 2009; Locascio et al., 2010; 
Kieffer et al., 2013). Thirdly, it is unclear how both storage and separate measures of 
executive functions are encompassed by the listening span task, and therefore whether 
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executive functions such as inhibition, cognitive flexibility and planning can account for 
unique individual variation in children’s reading comprehension over and above variance 
accounted for by performance on the listening span task. A study including a separate 
storage measure, and several executive functions at the same time, while taking non-
verbal cognitive ability, word recognition and vocabulary knowledge into account, is 
currently missing. With the current study we have attempted to fill this gap. 
The current study included non-verbal cognitive ability, word recognition and vocabulary 
as control measures, a listening span task to reflect an integrated construct of working 
memory, a storage measure and separate measures of the executive functions inhibition 
and cognitive flexibility, as well as the higher order executive function planning. 
Updating was not included as measures of updating are closely linked to measures 
of working memory (Miyake, Friedman, Emerson, Witzki, Howerter, & Wager, 2000; 
Morris & Jones, 1990; Schmiedek et al., 2009; St. Clair-Thompson & Gathercole, 2006). 
The tasks measuring inhibition, cognitive flexibility and planning were selected based 
on the following criteria: 1) the contribution of verbal information was minimal, and 2) 
the measures were standardized tests that have previously been analyzed on content 
validity. 
Non-verbal cognitive ability, word-recognition, vocabulary, storage and executive 
functions were expected to directly contribute to reading comprehension. The 
contribution of storage and executive functions was expected to decrease after 
accounting for performance on the listening span task. Additionally, storage, inhibition, 
cognitive flexibility and planning were expected to contribute to performance on the 
listening span (Baddeley, 1996; Baddeley, et al., 1998; Borella, et al., 2010; Cain, 2006; 
De Beni & Palladino, 2000), and hence indirectly to reading comprehension. 
METHOD
Participants
A total of 123 Dutch fifth grade children was recruited from four elementary schools in 
The Netherlands. Four children were excluded from the sample because they scored 
below the 25% percentile on a standardized measure of non-verbal cognitive ability 
(Raven’s Coloured Progressive Matrices; Raven, Raven, & Court, 2003). Another two 
children were excluded because they failed to answer over 10% of the questions on the 
reading comprehension test. The remaining sample included 117 children, consisting 
of 62 boys (53%) and 55 girls aged between 9 years and 9 months and 12 years and 
1 month (Mage = 11.1 years; SD = .43 years). The sample included 14 children with 
dyslexia, 12 children with ADHD, 2 children with Asperger Syndrome, and one child 
with comorbid disorders including ADHD, dyslexia and dyspraxia. In the current study, 
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performance on the executive functions measures and their contribution to reading 
comprehension did not differ between the typically developing children and the 
children with a diagnosis1. Hence, children diagnosed with a developmental disorder 
were included to increase the statistical power of the results. Less than 3% of the 
children were non-native speakers of Dutch. This percentage falls below the average 
minority representation (15%) in Dutch elementary schools (Tesser, Merens & van Praag, 
1999). Informed parental consent was obtained for all children.
Measures 
Reading Comprehension. Reading comprehension was assessed with a standardized 
Dutch task, “Diatekst” (H. I. Hacquebord, personal communication, school year 2011–
2012). The task comprised six textbook texts with an average difficulty level suitable for 
grade 5. For each text, participants were instructed to read the text before answering 
10 to 12 multiple-choice questions per text, leading to a total of 67. Questions 
covered micro-, meso- and macro-structures of the text. Questions on micro-level 
covered word knowledge and syntactical constructions. Meso-level questions reflected 
relations between sentences of the text. Macro-level questions reflected global text 
comprehension. The texts remained available for reading during the entire test. The 
reading comprehension task had no set time limit. On average, it took participants half 
an hour to finish the test. All children finished within 60 minutes. The total number of 
correct answers reflected reading comprehension. The maximum possible score was 67. 
The reliability analyses revealed a Cronbach’s alpha of .89.
Non-verbal cognitive ability. Non-verbal cognitive ability was measured with Raven’s 
Coloured Progressive Matrices (Raven et al., 2003). The test consisted of 3 sets (A, 
Ab, B) each containing 12 items. Participants were instructed to identify the missing 
element that could complete a pattern, opting between six alternatives. The items were 
arranged in order of increasing difficulty. The manual sets the administration time at 25 
1 Based on additional analyses, we concluded that the inclusion of children with diagnoses of 
developmental disorders did not influence the results. The ANOVA with group (dyslexia, ADHD, 
Asperger Syndrome and typically developing) as between-subjects factor demonstrated that children with 
a diagnosis did not differ in their performance on vocabulary, storage and the executive function tasks 
from typically developing children.  However, group differences were found for reading comprehension 
(F(3,112) = 6.02, p = .001), where both children with dyslexia and children with ADHD scored lower than 
the other children. Group differences were also found for word recognition (F(3,111) = 11.17, p < .001), 
due to the dyslexia group, that scored lower on word recognition than the other groups. Moreover, 
differences between groups were found for non-verbal cognitive ability (F(3,112) = 3.45, p = .019). The 
Tukey post-hoc analyses revealed no significant differences between groups except for a marginally 
significant difference between the children with ADHD and the typically developing children (p = .056). 
Moreover, there were no interactions with the independent variables and dyslexia or ADHD on the 
regression analysis with reading comprehension as the dependent variable (the interaction variables all 
had a p value that exceeded .10). Additionally, the data was checked for influential cases. Based on 
Cook’s distance, leverage values and Mahalanobis values it could be concluded that there were no 
influential cases (Tabachnick & Fidell, 2007).
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minutes. In the current study, all participants completed the test within 15 minutes. The 
maximum possible score was 36. The test–retest reliability is reported to be .90.
Word recognition. The Eén-Minuut-Test (Brus & Voeten, 1999) was used to assess word 
recognition skills. Participants were instructed to read a list of unrelated words as fast 
and accurately as possible. The words on the list increased in difficulty. The total score 
number of words read correctly within one minute reflected word recognition. The 
maximum possible score was 116. The test–retest reliability is reported to range from 
.90 in grade 4 to .76 in grade 6 (Brus & Voeten, 1999).
Vocabulary. Receptive vocabulary was assessed with the Peabody Picture Vocabulary 
Test—III—NL (PPVT—III—NL; Dunn & Dunn, 2005). Participants were asked to choose 
one picture out of four, that best reflected the word that was verbally presented by 
the test administrator. Words were presented in blocks of 12 items. The task was 
discontinued when participants made nine mistakes or more within one block. The total 
number of correct responses reflected vocabulary. The maximum possible score was 
204. The test–retest reliability is reported to range between .89 and .97 (Dunn & Dunn, 
2005).
Working Memory. Working memory was assessed with a Dutch translation of Gaulin 
and Campbell (1994)’s Competing Language Processing Task. The task is an adaptation 
of Daneman and Carpenter (1980)’s listening span, designed to use for samples with 
children. It contains shorter and simpler sentences than those used in Daneman and 
Carpenter (1980)’s listening span test. Participants were orally presented with unrelated 
sentences. For each sentence, participants were asked to judge if the sentence 
was semantically correct or incorrect. Immediately after hearing the complete set of 
sentences, participants were asked to recall the sentences’ final words in any particular 
order. The test started off with two sets containing two sentences each followed by two 
sets each containing three sentences. The number of sentences increased gradually 
for each pair of sets, leading up to six sentences per set. The number of correct 
judgments (whether sentences were semantically correct or incorrect) was registered. All 
participants scored over 90% correct. The total number of correctly recalled words was 
taken as an indication of working memory. The maximum possible score was 42. The 
split-half reliability of the task (calculated by dividing the equal sized sets) was .67 after 
Spearman–Brown correction for test length.
Storage. Storage was assessed with the forward digit span (Wechsler Intelligence Scale 
for Children—III—NL, 2004). The forward digit span required participants to repeat a 
string of digits in the correct order. The task consisted of 8 blocks, each block containing 
two trials. The number of digits increased over blocks, starting with two digits and 
ending with 9 digits. For each correctly recalled trial, participants received one point. 
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The task ended when the participant incorrectly recalled two trials within a block. The 
total number of correct trials reflected storage. The maximum possible score was 16. 
The internal consistency reliability for this task was calculated as .78.
Inhibition. The aim of the current study was to investigate the contribution of inhibition 
to reading comprehension, with and without the involvement of working memory. 
Hence, we opted for an inhibition task that has been shown to have a low involvement 
of working memory. Therefore we opted for an inhibition task that measured the 
resistance to automatic responses (Friedman & Miyake, 2004). Inhibition was measured 
with the Color Word Interference Test (Delis, Kaplan, & Kramer, 2001). Participants were 
presented with the words “red”, “green” and “blue”. Participants were asked to name 
the color of the ink of the printed words out loud. The ink color could either be red, 
green or blue. The ink color was always incongruent with the word. For example, the 
ink color of the word red was blue (correct answer: blue). Participants were instructed 
to name the ink colors as quickly and accurately as possible. Inhibition was reflected by 
the time (in s) needed to complete the task. In case the participant did not finish the 
task within 180 seconds, the task was ended. Hence, the maximum possible score was 
180, where a higher score reflected a poorer performance. The reliability for this task is 
reported to range between .70 and .79 (Delis et al., 2001).
Cognitive flexibility. Cognitive flexibility was assessed with the Trail Making Test (Delis et 
al., 2001). The task required participants to connect 16 consecutive targets on a sheet 
of paper. The task consisted of three conditions. In the first condition the participant 
was asked to connect consecutive numbers (1, 2, 3, etc.). In the second condition the 
participant was asked to connect consecutive letters (A, B C, etc.). In the third condition 
the participant was asked to alternate between numbers and letters (1, A, 2, B, etc.). 
When the participant made an error, the test administrator corrected the participant 
before he/she moved on to the next dot. Participants were asked to finish the task as 
quickly and accurately as possible. Cognitive flexibility was reflected by the time (in s) 
needed to complete the third condition of the Trail Making Test. In case the participant 
did not finish the task within 240 seconds, the task was ended. Hence, the maximum 
possible score was 240, where a higher score reflected a poorer performance. The test–
retest reliability for this task is reported as .89 (Delis et al., 2001).
Planning. Planning was measured with the Tower task (Delis et al., 2001). The Tower task 
consisted of five disks varying in size, that had to be moved across three pegs, from a 
prearranged initial state to a goal state (a tower), which was presented in a picture. The 
task required participants to build nine towers with increasing difficulty, using as few 
moves as possible while adhering to the following rules: 1) participants may only move 
one disk at a time, 2) larger disks may never be placed on smaller disks, and 3) the 
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participant may only use one hand while moving the disks. The test instructions stated 
that if the participant was unable to complete three consecutive towers in the allotted 
time (30-240 seconds, depending on the difficulty level of the tower) the task had to be 
discontinued. However, this was never the case in our study. Planning skill was reflected 
by the total number of moves used to reach the goal states, where a higher score 
reflected a poorer performance. The minimum possible score to complete all towers 
was 85. Internal consistency reliability for this task is reported as .84 (Delis et al., 2001).
Procedure
Reading comprehension and non-verbal cognitive ability were administered in class. 
The remaining tasks were administered individually. The tasks were divided over two 
sessions. The order of the tasks was fixed and carefully arranged to prevent cognitive 
overload. 
Data analyses
Analyses were conducted by means of correlations and hierarchical regression analyses. 
Two hierarchical regression analyses were performed. The first regression analysis was 
performed to assess the contribution of storage and executive functions to reading 
comprehension, after controlling for non-verbal cognitive ability, word recognition, 
and vocabulary. Hence, non-verbal cognitive ability, word recognition and vocabulary 
were entered first (model 1). Storage, inhibition, cognitive flexibility and planning were 
entered in the second step (model 2). The listening span task was entered in the last 
step (model 3). The decision to enter performance on the listening span task in a 
separate and final step was based on the expectation that this task could encompass 
Table 1 | Descriptive Statistics (N=117) including Mean Scores and Standard Deviations (SD), 
Minimum (Min.) and Maximum (Max.) Scores, and Kurtosis and Skewness values.
Mean SD Min. Max. Kurtosis Skewness
Reading comprehension 50.79 9.83 25 66 -0.84 -0.04
Non-verbal cognitive ability 32.58 2.41 27 36 -0.69 -0.28
Word recognition 71.11 13.04 42 106 0.21 -0.14
Vocabulary 124.52 14.00 96 155 -0.39 -0.25
Listening span task 26.79 3.60 17 38 0.23 0.50
Storage 7.58 1.33 4 11 0.43 0.22
Inhibition 71.77 15.37 40 123 0.83 0.78
Cognitive flexibility 87.31 26.14 42 164 0.78 0.42
Planning 165.14 34.28 101 252 0.39 -0.60
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both storage and separate measures of executive functions. By adding the listening 
span task in the last step, we could investigate if executive functions such as inhibition, 
cognitive flexibility and planning can account for unique individual variation in children’s 
reading comprehension. The second regression analysis was performed to assess the 
contribution of storage and executive functions to the listening span task.
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RESULTS
Descriptive statistics and correlations are displayed in Tables 1 and 2, respectively. The 
analyses revealed that reading comprehension was moderately correlated with non-
verbal cognitive ability, vocabulary and performance on the listening span task. It had low 
correlations with word recognition and cognitive flexibility. Performance on the listening 
span task had moderate correlations with storage and inhibition, and low correlations 
with non-verbal cognitive ability and cognitive flexibility. Note that the correlations of 
inhibition, cognitive flexibility and planning have negative values because higher scores 
on these tasks reflect poorer performance.
A hierarchical regression analysis was performed to assess the contribution of both 
storage and executive functions to reading comprehension, after controlling for non-
verbal cognitive ability, word recognition and vocabulary (see Table 3). Non-verbal 
cognitive ability, word recognition and vocabulary were entered first and all accounted 
for unique variance in reading comprehension (F(3,110) = 12.76, p < .001, adjusted  R2 = 
.24). Storage, inhibition, cognitive flexibility and planning were entered second. Adding 
these variables to the model led to an increase of 3% in explained variance (F(7,106) = 
6.91, p < .001, adjusted R2 = .27). Only cognitive flexibility had a unique contribution 
to reading comprehension in addition to non-verbal cognitive ability, word recognition 
and vocabulary. 
Adding performance on the listening span task to the model in a third step led to an 
increase of 5% in explained variance (F(8,105) = 7.46, p < .001, adjusted R2 = .32). Word 
recognition, vocabulary, cognitive flexibility and performance on the listening span task 
significantly contributed to reading comprehension performance in the third model. The 
contribution of non-verbal cognitive ability to reading comprehension was no longer 
significant in this model. Together, these results indicate that in addition to individual 
differences in word recognition and vocabulary, performance on the listening span task 
(as an integrated measure of working memory and cognitive flexibility) accounts for 
unique variance in reading comprehension performance. Adding performance on the 
listening span task in the final step led to a noticeable change in the beta-values of 
storage, inhibition and cognitive flexibility indicating that these variables shared variance 
with performance on the listening span task. An additional regression analysis was run 
to investigate the contribution of storage and executive functions to performance on 
the listening span. The results are presented in Table 4.
The executive functions inhibition, cognitive flexibility and planning were entered first 
into the model. Inhibition and cognitive flexibility accounted for unique variance in 
performance on the listening span task. The contribution of planning was not significant 
(F(3,114) = 5.42, p = .002, adjusted R2 = .10). Adding storage in the second model led 
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to an increase of 14% in explained variance. In the second model, only storage and 
cognitive flexibility contributed to performance on the listening span task (F(4, 110) = 
10.46, p < .001). 
Table 3 | Regression with Reading Comprehension as Dependent Variable. 
Model B SD Beta Sig.
1 (Constant) -20.116 12.398  .108
Non-verbal cognitive ability 1.005 .343 .249 .004
Word recognition 0.155 .064 .204 .018
Vocabulary 0.218 .058 .312 <.001
2 (Constant) -6.866 15.672  .662
Non-verbal cognitive ability 0.761 0.350 .188 .032
Word recognition 0.169 0.070 .223 .017
Vocabulary 0.195 0.058 .278 .001
Storage 0.642 0.630 .087 .310
Inhibition 0.059 0.062 .092 .344
Cognitive flexibility -0.084 0.034 -.222 .014
Planning -0.032 0.024 -.110 .187
3 (Constant) -20.063 15.867  .209
Non-verbal cognitive ability 0.620 0.343 .153 .074
Word recognition 0.189 0.068 .248 .007
Vocabulary 0.183 0.057 .261 .002
Storage -0.141 0.669 -.019 .834
Inhibition 0.093 0.061 .145 .132
Cognitive flexibility -0.070 0.033 -.186 .035
Planning -0.026 0.023 -.092 .255
Listening span task 0.723 0.254 .266 .005
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DISCUSSION
The current study investigated the relation between storage and executive functions, 
and reading comprehension performance in Dutch fifth graders while taking word 
recognition and vocabulary into account. While previous studies commonly solely used 
an integrated working memory task such as the listening span task to assess storage 
and executive functioning, the present study regarded the contribution of separate 
components such as storage, inhibition, cognitive flexibility and planning to reading 
comprehension.
We found that in addition to non-verbal cognitive ability, word recognition and 
vocabulary, cognitive flexibility had a unique contribution to individual variation in reading 
comprehension performance, over and above variance accounted for by performance 
on the listening span task. In turn, individual differences in performance on the listening 
span task were accounted for by inhibition and cognitive flexibility, but only the latter 
contributed significantly after adding a storage measure. In other words, the results 
demonstrate that an integrated measure of working memory such as the listening task 
encompasses processes including storage, inhibition and cognitive flexibility, which thus 
indirectly contribute to children’s reading comprehension performance.
Consistent with the previous literature, our study demonstrated that word recognition 
and vocabulary contributed to reading comprehension, supporting the lexical quality 
hypothesis (Perfetti & Hart, 2002). Though a beta of .20 for word recognition in the 
regression analysis appears relatively low, other studies in which reading comprehension 
was also investigated in transparent languages similarly show low contributions of 
decoding to reading comprehension (e.g., Seigneuric & Ehrlich, 2005; Veenendaal, Groen, 
Table 4 | Regression with the listening span task as dependent variable
Model B SD Beta Sig.
1 (Constant) 330.570 20.205  <.001
Inhibition -0.056 0.022 -.239 .013
Cognitive flexibility -0.026 0.013 -.191 .047
Planning -0.003 0.009 -.025 .782
2 (Constant) 250.144 20.690  <.001
Inhibition -0.040 0.021 -.169 .058
Cognitive flexibility -0.024 0.012 -.175 .046
Planning -0.009 0.009 -.084 .308
Storage 10.067 0.225 .396 <.001
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& Verhoeven, 2014). In addition, working memory, assessed with the integrated listening 
span task, accounted for a substantial amount of variance in reading comprehension. 
This is consistent with the numerous studies that have found this relation in adults and 
children (Carretti et al., 2009; Daneman & Merikle, 1996) and children with reading 
comprehension difficulties (Cain, 2006). 
Interestingly, cognitive flexibility was found to both directly and indirectly (via the listening 
span task) contribute to reading comprehension. The contribution of cognitive flexibility 
to the listening span task can be explained by the requirement to switch between the 
storage and processing components of the listening span task (Towse, Hitch, & Hutton, 
2002). However, cognitive flexibility still contributed to reading comprehension, even 
after the inclusion of the listening span task in the analyses. These results are partly 
in line with Kieffer and colleagues (2013), who found a contribution of performance 
on a non-verbal cognitive flexibility task to reading comprehension performance, after 
controlling for working memory tasks that mainly tapped into non-verbal processes. The 
results from our study suggest that domain-general cognitive flexibility contributes to 
reading comprehension, even after controlling for a working memory measure that taps 
mainly into domain-specific processes. The contribution of cognitive flexibility to reading 
comprehension can be explained in several ways: It may be needed to simultaneously 
process phonological and semantic information for reading comprehension, or to 
retrieve multiple mental representations from the mental lexicon or long-term memory 
(for a review see Cartwright, 2009), to adapt existing text representations to new text 
representations (Diamond, 2013), or to adjust reading strategies based on the reading 
goal and task difficulty (Ramsel & Grabe, 1983).
We also found that in our sample inhibition did not explain variance in reading 
comprehension, which concurs with some previous work (Borella et al., 2010), but not 
with others (Barnes et al., 2004; Kieffer et al., 2013). Borella and colleagues (2010), 
Kieffer and colleagues (2013) and the current study, used tasks that reflect the inhibition 
of automatic responses. Hence, the type of inhibition task that was used cannot explain 
the contradictory findings. The sample used by Kieffer and colleagues (2013), however, 
did include both native English speakers and second-language learners, which may 
have affected the outcome of their results, as bilinguals have been shown to differ in 
their performance on executive function tasks, such as the Stroop task (a task that also 
reflects the inhibition of automatic responses), from monolinguals (Hernandez, Costa, 
Fuentes, Vivas, & Sebastian-Galles, 2010). Moreover, the children in the study by Kieffer 
and colleagues (2013) do appear to be slightly younger (a mean age of 9 years, 11 
months; SD = 6 months) compared to the children in our sample (a mean age of 11 
years, one month; SD = 5 months). As inhibition has been shown to develop at least 
until the age of 13 (Davidson, Amso, Anderson & Diamond, 2006), less developed 
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inhibition skills might have affected the reading comprehension performance more in 
the younger children studied by Kieffer and colleagues (2013). Future work, following 
a longitudinal design, should determine if the relation between inhibition and reading 
comprehension changes during development. The initial contribution of inhibition to the 
listening span task which we found, supports the hypothesis that inhibitory mechanisms 
share a common limited capacity with working memory, and that high demands on 
inhibitory mechanisms negatively affect the working memory capacity (Nigg, 2000; 
Palladino, Cornoldi, De Beni, & Pazzaglia, 2001; Roberts & Pennington, 1996). Moreover, 
it fits with the indications for an indirect relation between inhibition and reading 
comprehension that has been found in studies involving children with difficulties in 
reading comprehension (Borella, et al., 2010; Cain, 2006; De Beni & Palladino, 2000). 
It is important to note though that inhibition in those studies was reflected by their 
ability to suppress no longer relevant information, which might involve a different type 
of inhibitory mechanism (Friedman et al., 2004). Future work should determine how 
different types of inhibition relate to working memory and reading comprehension. 
We found no contribution of planning to reading comprehension in our analyses. This is in 
contradiction to previous studies with children with difficulties in reading comprehension 
(Cutting, et al., 2009; Locascio, et al., 2010; Sesma, et al., 2009) that did find a significant 
contribution of planning to reading comprehension, using a similar assessment measure. 
Those discrepancies may be due to differences in the characteristics of the samples 
involved. Their samples appear to be older and vary more in age. The performance on 
the Tower task has been shown to improve until ages 15–17 (Luciana, Collins, Olson, & 
Schissel, 2009) or even until the early thirties (Asato, Sweeney, & Luna, 2006; De Luca 
et al., 2003). The relation between planning skills and reading comprehension might 
become stronger with age, and/or take a more prominent role when other skills (such 
as the three core executive functions) are more developed. Alternatively, the inclusion of 
children with difficulties in reading comprehension in these studies could explain why a 
significant result was found: Planning might become relevant only when children show 
difficulties in reading comprehension. 
In accord with Baddeley’s model (2000), the executive functions were not the only 
variables to contribute to performance on the listening span task: The storage-only 
measure also contributed and did so to a larger extent than the inhibition measure. 
Hence, individual differences in working memory should not be solely attributed to the 
processing component, i.e. the central executive of Baddeley (2000)’s model. This is in 
line with studies that point out the importance of efficient semantic storage capacity 
in working memory and reading comprehension performance (Haarmann, Davelaar, & 
Usher, 2003; Martin & He, 2004). 
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The results of the current study are of theoretical importance as they provide insight 
into the underlying mechanisms of the listening span task and Baddeley (2000)’s working 
memory model, which are both commonly used in the reading comprehension literature. 
Moreover, the current study provides insight into the relative contribution of storage 
and domain-general executive functions to reading comprehension performance, while 
taking the integrated, domain-specific listening span task into account. The present 
study can be seen as a first step in uncovering the complex relations between the 
listening span task, a storage measure, separate measures of processing (executive 
functions), and reading comprehension. The results await replication in follow-up 
studies following a longitudinal design with larger samples of children, and multiple 
measures to reflect a single construct. Regarding practical implications, these results 
show that reading comprehension performance depends on multiple components, 
which should be taken into consideration when trying to identify difficulties. In addition, 
when identifying reading comprehension difficulties, one should consider the complex 
relation between these components. 
To conclude, this study demonstrated that working memory, assessed by a listening 
span task, encompasses underlying mechanisms including storage and domain-general 
inhibition and cognitive flexibility, which indirectly contributed to children’s reading 
comprehension in Dutch fifth graders, after controlling for non-verbal cognitive ability, 
word recognition and vocabulary. Additionally, domain-general cognitive flexibility 
accounted for unique variance in reading comprehension, after controlling for the 
listening span task. Together, the present results highlight the role of storage and 
executive functions in reading comprehension performance in children.
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Chapter 4
How Working Memory relates to Children’s 
Reading Comprehension: The Importance of 
Domain-Specificity in Storage and Processing
This chapter is based on: Nouwens, S., Groen, M. A., & Verhoeven, L. (2016). How 
working memory relates to children’s reading comprehension: The importance of 
domain-specificity in storage and processing. Reading and Writing. doi: 10.1007/s11145-
016-9665-5
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ABSTRACT
Working memory is considered a well-established predictor of individual variation in 
reading comprehension in children and adults. However, how storage and processing 
capacities of working memory in both the phonological and semantic domain relate 
to reading comprehension is still unclear. In the current study, we investigated the 
contribution of phonological and semantic storage, and phonological and semantic 
processing to reading comprehension in 123 Dutch children in fifth grade. We 
conducted regression and mediation analyses to find out to what extent variation in 
reading comprehension could be accounted for by storage and processing capacities 
in both the phonological and the semantic domain, while controlling for children’s 
decoding and vocabulary. The analyses included tasks that reflect storage only, and 
working memory tasks that assess processing in addition to storage. The regression 
analysis including only storage tasks as predictor measures, revealed semantic storage 
to be a better predictor of reading comprehension than phonological storage. 
Adding phonological and semantic working memory tasks as additional predictors to 
the model showed that semantic working memory accounted for individual variation 
in reading comprehension over and above all other memory measures. Additional 
mediation analysis made it clear that semantic storage contributed indirectly to reading 
comprehension via semantic working memory, indicating that semantic storage tapped 
by working memory, in addition to processing capacities, explains individual variation in 
reading comprehension. It can thus be concluded that semantic storage plays a more 
important role in children’s reading comprehension than previously thought.
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INTRODUCTION
Working memory—the ability to store information while simultaneously carrying 
out processing operations—is a well-established predictor of individual variation 
in reading comprehension performance in both adults (Daneman & Merikle, 1996) 
and children (Cain, Oakhill, & Bryant, 2004a). In the literature it is debated whether 
individual differences in reading comprehension are best explained by processing or 
storage capacities of working memory. Various studies support the view that processing 
capacities tapped by working memory tasks in both the phonological and the semantic 
domain are important in explaining variance in reading comprehension (Daneman & 
Merikle, 1996). The role of storage has been investigated in the phonological domain 
but is less clear in the semantic domain since studies have typically used storage 
measures that tap into storage of phonological information rather than into semantic 
information (Haarmann, Davelaar, & Usher, 2003). Although some studies with adults 
(Haarmann et al., 2003) and children with difficulties in reading comprehension (Nation, 
Adams, Bowyer-Crane, & Snowling, 1999; Nation & Snowling, 1998) have suggested a 
link between reading comprehension and semantic storage, it is currently unknown if 
semantic storage contributes to reading comprehension in typically developing children. 
Moreover, it is by no means clear what the relative contribution is of phonological and 
semantic storage, on one hand, and phonological and semantic working memory, on 
the other hand, to children’s reading comprehension. Furthermore, it is unclear how 
semantic storage, semantic working memory and reading comprehension are related. 
Therefore, in the present study, children’s reading comprehension was related to their 
storage and processing capacity, in both the phonological and semantic domain.
Reading comprehension is the product of a complex integration of knowledge and skills 
such as decoding (Lyon, 1995; Torgesen, 2000) and syntactic (Cutting & Scarborough, 
2006; Oakhill & Cain, 2011) and semantic processing (Nation et al., 1999; Torgesen, 
2000). In addition, reading comprehension depends on higher-level control functions 
(Cain, 2006; Christopher et al., 2012), among which working memory is the most well-
established predictor in both adults (Daneman & Merikle, 1996) and children (Cain et 
al., 2004; Cain, Oakhill, & Lemon, 2004b). A commonly applied working memory model 
in the reading comprehension literature is the model of Baddeley and Hitch (1974; see 
also Baddeley, 2000). According to the original model, working memory is composed 
of a central executive and two storage components, namely the visuospatial sketchpath 
and the phonological loop, encoding visuospatial and verbal information respectively. 
More specifically, the phonological loop temporarily preserves verbatim representations 
of presented words and keeps this information active and accessible during the 
performance of complex cognitive tasks, which is controlled by the central executive. 
Various memory tasks have been designed based on Baddeley’s (2000) model, including 
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tasks measuring the storage of information only, and working memory tasks reflecting 
the processing component of the central executive, in addition to storage of information. 
Working memory measures have a higher predictive value of reading comprehension 
performance than measures that assess storage only in adults (Daneman & Merikle, 
1996), children (Cain, 2006) and children with reading comprehension difficulties (Carretti, 
Borella, Cornoldi, & De Beni, 2009). These results have been taken to suggest that it is 
the general processing capacities tapped by working memory tasks that are important 
in explaining variance in reading comprehension, rather than the storage component 
(Cain et al., 2004a, b; Daneman & Merikle, 1996).
Indeed, working memory tasks explain variance in reading comprehension regardless 
of whether they mainly involve non-verbal processing (recall of visual patterns and/or 
spatial traces) or verbal processing (Carretti et al., 2009; Daneman & Merikle, 1996). 
There is, however, substantial evidence that the linguistic information tapped by 
working memory tasks is of primary importance with regard to explaining variance in 
reading comprehension (Daneman & Merikle, 1996). There is considerable variation in 
the kind of language processing involved among the different types of verbal working 
memory tasks, ranging from tasks that tap mainly into phonological processing (e.g., 
backward digit span tasks) to tasks that tap mainly into semantic processing (e.g., 
listening span tasks), and tasks that lie somewhere in between. During a backward digit 
span task, participants are asked to recall verbally presented digits in reverse order. 
Hence, the task requires storage and processing of verbatim information that contains 
a minimal amount of syntactic and semantic relations between items. During a listening 
span task, participants listen to a set of unrelated sentences and judge if sentences 
are semantically correct or incorrect. After the set of sentences has been presented, 
participants are asked to recall the sentence-final words (Daneman & Carpenter, 1980). In 
addition to verbatim encoding, the listening span task requires participants to integrate 
the presented items based on syntactic and semantic information. In other words, the 
listening span task relies on processes that serve language comprehension (Hulme et 
al., 1997; Knott, Patterson, & Hodges, 1997; Walker & Hulme, 1999). Semantic working 
memory tasks have been shown to be better predictors of reading comprehension than 
working memory tasks that mainly tap into phonological processing (Cain et al., 2004a, 
b; Daneman & Merikle, 1996; Oakhill, Cain, & Bryant, 2003; Seigneuric, Ehrlich, Oakhill, 
& Yuill, 2000) and non-verbal working memory tasks (Shah & Miyake, 1996) in both 
typically developing children and adults. Similarly, children with difficulties in reading 
comprehension have shown deficits solely in verbal working memory, with the most 
profound deficits on tasks mainly tapping into semantic processing (Cain, 2006; Cain et 
al., 2004b; Carretti et al., 2009; De Beni, Palladino, Pazzaglia, & Cornoldi, 1998; Nation 
et al., 1999). This has lead to the claim that not all variation in working memory can be 
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explained by general processing capacity, but that linguistic information tapped into by 
memory tasks, must play an important role as well (Daneman & Merikle, 1996).
In a similar way, the degree to which tasks that measure storage only rely on semantic 
rather than phonological aspects of stored representations may influence the extent 
to which performance on storage tasks explains variation in reading comprehension. 
Studies investigating the role of storage in reading comprehension have commonly 
used measures such as the forward digit span task, which requires immediate verbatim 
recall of a number of items (digits, letters or words) in exact serial order, thought to 
take place in Baddeley’s phonological loop (Baddeley, 2000). Correlations between 
performance on phonological storage tasks and reading comprehension in children 
were not significant (Leather & Henry, 1994; Swanson & Berninger, 1995; Yuill, Oakhill, & 
Parkin, 1989) or very low (Daneman & Carpenter, 1980; LaPointe & Engle, 1990; Turner & 
Engle, 1989). Additionally, children with difficulties in reading comprehension performed 
similarly to controls on these types of storage tasks (Nation et al., 1999; Oakhill, Yuill, & 
Parkin, 1986; Stothard & Hulme, 1992). To summarize, phonological storage has been 
found to be a poor indicator of reading comprehension performance.
There are, however, several indications that the ability to store semantic information 
may contribute to individual variation in reading comprehension. Children with 
difficulties in reading comprehension do not appear to benefit from the availability 
of long-term semantic representations to the same extent as controls: Children with 
reading comprehension difficulties show a poorer performance on the recall of abstract 
and low frequency words compared to the control children, but perform similarly on 
the recall of concrete and high frequency words, suggesting that the deficiencies lie 
in the recall of semantic information (Nation et al., 1999; Nation & Snowling, 1998). 
Moreover, Haarmann and colleagues (2003) have shown that the conceptual span 
task designed to tap mainly into semantic storage explained unique variance in adult 
reading comprehension over and above a word span task. Based on these results it can 
be hypothesized that semantic, rather than phonological information tapped in storage 
tasks may explain variation in reading comprehension. Moreover, these results question 
the assumption that it is mainly the general processing component tapped by working 
memory tasks, rather than storage of the items involved, that is important in explaining 
variance in reading comprehension.
However, to our knowledge, research into the contribution of semantic storage and 
inherently, the relative contribution of phonological and semantic storage, on one 
hand, and phonological and semantic processing, on the other hand, to reading 
comprehension, has not yet been reported. Additionally, although Daneman and 
Carpenter’s listening span task (1980) is assumed to reflect simultaneous storage and 
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processing of semantic information, the contribution of semantic storage to performance 
on the listening span task has not been explicitly investigated. Insight in this matter 
would be useful as the listening task is frequently used to assess working memory in 
the reading comprehension literature.
In the present study we aimed to examine the relation between phonological and 
semantic storage and processing capacities and reading comprehension in Dutch fifth 
grade children, after controlling for their vocabulary and word decoding. More specifically, 
we posed four research questions. The first question relates to the contribution of the 
phonological and semantic storage measures to reading comprehension:
1) Is semantic, but not phonological, storage a direct predictor of reading 
comprehension? 
The other three questions speak to a model in which semantic and phonological 
working memory tasks, which assess processing in addition to storage, were added to 
the model:
2) Is processing, but not storage, a direct predictor of reading comprehension? 
3) Is semantic, but not phonological, processing a direct predictor of reading 
comprehension?
4) If so, does semantic storage indirectly predict reading comprehension via semantic 
working memory? 
METHOD
Participants
A total of 123 Dutch fifth grade children was recruited from four elementary schools 
in The Netherlands. Six children were excluded from the sample, including (1) four 
children who scored over 2.5 SDs below the group mean (Mage = 32.2, SD = 3.1) on 
our measure of non-verbal cognitive ability, which ranks below the 25th percentile of 
Dutch children (Raven, Raven, & Court, 2003), and (2) two children who failed to answer 
over 10% of the questions on the reading comprehension test.
The final sample included 117 children, consisting of 62 boys (53%) and 55 girls aged 
between 9 years and 9 months and 12 years and 1 month (Mage = 11.1 years; SD = 
.43 years). Children diagnosed with a developmental disorder were included to increase 
the statistical power of the results. The sample included 14 children with dyslexia, 12 
children with ADHD, 2 children with Asperger Syndrome, and one child with comorbid 
disorders including ADHD, dyslexia and dyspraxia1. The percentage of children that 
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were non-native speakers of Dutch (<3%) fell below the average minority representation 
(15%) in Dutch elementary school (Tesser, Merens, & van Praag, 1999). Informed parental 
consent was obtained for all children.
Materials
Reading comprehension. Reading comprehension was assessed using the standardized 
Dutch test “Diatekst” (H. I. Hacquebord, personal communication, school year 2011–
2012). The test consisted of six texts with an average difficulty level suitable for grade 5. 
The children were instructed to read the text before answering the questions. The test 
included 10–12 multiple-choice questions per text covering information that was either 
explicitly or implicitly stated in the text. The texts were available for reading during the 
entire test. On average, it took participants 30 min to finish the test. All participants 
finished within 60 min. Reading comprehension reflected the total number of correct 
answers (maximum = 67). The reliability analyses revealed a Cronbach’s alpha of .89 for 
this measure.
Non-verbal cognitive ability. The Raven’s Coloured Progressive Matrices (Raven et al., 
2003) was used to assess non-verbal cognitive ability. The test comprised three sets 
(A, Ab, B) of 12 items. The items consisted of a visual pattern with a missing element. 
Participants were required to identify the missing element that could complete a pattern, 
choosing from six alternatives. The items were arranged in order of increasing difficulty. 
The number of items correct reflected non-verbal cognitive ability. The maximum 
possible score was 36. Internal consistency is reported to be .76 for 11 year olds and 
the split-half reliability is reported to be .81 for 10 and 11 year olds (Cotton et al., 2005).
Decoding. A standardized Dutch test, the Klepel (Brus & Voeten, 1999), was used to 
assess decoding skills. Participants were instructed to read a list of pseudowords as fast 
and accurately as possible. The pseudowords on the list increased in difficulty. The total 
score reflected the number of pseudowords read correctly within 2 min. The maximum 
possible score was 116. The parallel-forms correlation for grade 5 is .92.
1 Based on additional analyses, we concluded that the inclusion of children with diagnoses of 
developmental disorders did not influence the results. The ANOVA with group (dyslexia, ADHD, 
Asperger Syndrome and typically developing) as between-subjects factor demonstrated that children 
with a diagnosis did not differ in their performance on the memory tasks from typically developing 
children. However, group differences were found for reading comprehension, F(3,114) = 5.84, p = .001, 
where both children with dyslexia and children with ADHD scored lower than the other children. Group 
differences were also found for decoding, F(3,113) = 10.53, p < .001, due to the dyslexia group scoring 
lower on decoding than typically developing children (p < .001). Moreover, there were no interactions 
with the independent variables and dyslexia or ADHD on the regression analysis with reading 
comprehension as the dependent variable (the interaction variables all had a p-value that exceeded 
.10). Additionally, the data was checked for influential cases. Based on Cook’s distance, leverage values 
and Mahalanobis values it could be concluded that there were no influential cases (Tabachnick & Fidell, 
2007).
78
4
STORAGE AND PROCESSING IN READING COMPREHENSIONSTORAGE AND PROCESSING IN READING COMPREHENSION
Vocabulary. Receptive vocabulary was assessed with the Peabody Picture Vocabulary 
Test—III—NL (Dunn & Dunn, 2005). Participants were presented with four pictures and 
were asked to select the picture that best reflected the verbally presented word. Words 
were presented in blocks of 12 items. The task ended when participants made nine 
errors or more within one block. The maximum possible score was 204. The internal 
consistency was reported .95 for 11 year olds.
Phonological storage. Phonological storage was assessed with the forward digit span 
(Wechsler, 2004). Participants were required to recall a string of digits in the presented 
order. The test consisted of eight blocks, which each contained two trials. The number 
of digits to be recalled, increased over blocks, starting with two and ending with nine 
digits. The test ended when the participant incorrectly recalled both trials within a block. 
The number of correctly recalled trials reflected phonological storage. The maximum 
possible score was 16. The internal consistency reliability for this task was reported to 
be .78.
Semantic storage. Semantic storage was assessed with a Dutch translation of the 
conceptual span test designed by Haarmann and colleagues (2003). This conceptual 
span task consisted of 16 trials, each trial including a randomly ordered list of nine 
nouns that fitted in three different semantic categories (three nouns per category). 
The nine nouns were presented sequentially in small letters, with a rate of one word 
per second. Participants read the words silently from the computer screen. After the 
presentation of the nouns, one of the three category names was presented in capital 
letters. Participants were asked to recall the three nouns (in any order) that fitted into 
the presented category. For instance, participants would see the following sequence 
of words: lamp, pear, tiger, apple, grape, elephant, horse, fax, phone, followed by the 
word fruit? In which case the correct answer would have been: pear, grape, apple. 
Compared to semantic working memory tasks, the involvement of processing is limited 
in the conceptual span task, as this task does not involve sentence processing and 
inherently the need for participants to integrate the presented items based on syntactic 
and semantic information. Moreover, unlike working memory tasks, the conceptual 
span task does not include dual-task requirements, which also limits the involvement of 
processing. The conceptual span task differs from the phonological storage measures, 
as the category-cued recall component of the conceptual span task is likely to engage 
activation of semantic storage. The contribution of phonological storage was minimized 
by using high-frequency words and by pre-exposing the participants to all 48 nouns 
and all six categories prior to the test. Participants were asked to read each word aloud 
and think about how the word fitted into the relevant category. This procedure was 
done twice in succession prior to the start of the experimental blocks. Concurrently, 
this procedure reduced the possibility of long-term memory intrusions (naming non-
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task related nouns). The materials and procedure were adapted from Haarmann and 
colleagues (2003) and were translated into Dutch1. The score on the conceptual span 
was defined as the number of words recalled correctly across the 16 trials. The maximum 
possible score was 48. In the study of Haarmann and colleagues (2003) with adults, the 
split-half reliability of the conceptual span test was .85 after Spearman–Brown correction 
for test length. In the current study, the split-half reliability was .52. An additional split-
value reliability-analysis on data obtained from adults (N = 17) performing the Dutch 
translation of the conceptual span task yielded a Chronbach’s alpha of .64.
Phonological working memory. Phonological working memory was assessed with the 
backward digit Span (Wechsler, 2004). In the backward condition of the digit span 
test, participants were required to reproduce the presented digits in reverse order. 
The backward digit span consisted of seven blocks. The number of digits increased 
over blocks, starting with two, and ending with eight digits. The test ended when 
the participant incorrectly recalled both trials within a block. The number of correctly 
recalled trials reflected phonological working memory. The maximum possible score 
was 14. The internal consistency reliability for this test was reported to be .70.
Semantic working memory. Semantic working memory was assessed with the translation 
of Gaulin and Campbell’s (1994) Competing Language Processing Task2. The task was 
designed specifically for children, by including shorter and simpler sentences than 
those used in Daneman and Carpenter’s (1980) listening span test. The task included 
sets of unrelated sentences that were presented orally to the participants. Participants 
were instructed to judge if sentences were semantically correct or incorrect. After a 
set of sentences was completed, participants were requested to recall the sentence-
final words in any particular order. The test started off with two sets containing two 
sentences each, and was followed by two sets each containing three sentences, leading 
up to six sentences per set. The number of correct judgments (whether sentences 
were semantically correct or in correct) was registered. All participants scored over 
90% correct. The total number of correctly recalled words was taken as an indication 
of working memory. The maximum possible score was 42. The split-half reliability of 
the task (calculated by dividing the equal sized sets) was .67 after Spearman–Brown 
correction for test length.
1 In order to prevent phonological and semantic overlap in consecutive words in the Dutch translations, 
two items were replaced with different target words belonging to the same category. Specifically, in trial 
six, ‘appel’ (apple) was replaced by ‘peer’ (pear) as it overlapped with ‘sinaasappel’ (orange) and in trial 
16, ‘oog’ (eye) was replaced by ‘maag’ (stomach) as it overlapped with ‘elleboog’ (elbow).
2 The materials and procedure were adapted from Gaulin and Campbell (1994) and were translated into 
Dutch. For the current study we made two minor adaptions. “Pumpkins are purple” was translated into 
“Mandarijnen zijn paars” (Mandarins are purple) and “Hotdogs can bark” into “Koeien kunnen blaffen” 
(“Cows can bark”) as “Pumpkins” and “hotdogs” are not high frequency words in Dutch.
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Procedure
Non-verbal cognitive ability and reading comprehension were administered in the 
classroom. The remaining tasks were administered individually and divided over two 
sessions. The order of the tasks was fixed and carefully arranged to prevent cognitive 
overload. All reported scores are raw scores.
Data analyses
The analyses comprised correlations, hierarchal regression and mediation analyses. The 
regression analysis consisted of the following models: To ensure that the explained 
variances of the memory tasks were not due to individual differences in vocabulary 
or technical reading skill, vocabulary and decoding measures were entered in a first 
step (Model 0). Phonological and semantic storage tasks were entered in the second 
step (Model 1). Working memory measures were added in the last step (Model 2). At 
every step, all relevant variables were entered simultaneously. To investigate the relation 
between semantic storage, semantic working memory as assessed with the listening 
span task and reading comprehension, a mediation analysis was performed, using the 
bootstrapping procedure of Preacher and Hayes (2004).
RESULTS
Descriptive statistics and correlations are displayed in Tables 1 and 2, respectively. All 
variables met the requirements for normal distribution as skewness and kurtosis were 
>−2.0 and <2.0 (cf. George & Mallery, 2010). As can be seen in Table 2, decoding 
had a moderate correlation with reading comprehension, which is comparable to the 
results of other studies in which reading comprehension was investigated in transparent 
languages (e.g., Seigneuric & Ehrlich, 2005; Veenendaal, Groen, & Verhoeven, 2014). 
Vocabulary also showed a moderate correlation with reading comprehension, which is 
in line with other studies investigating the relation between receptive vocabulary, and 
reading comprehension in children of a similar age (Verhoeven & van Leeuwe, 2008).
A hierarchical regression was performed to assess the contribution of performance 
on phonological and semantic storage tasks, and phonological and semantic 
working memory tasks to reading comprehension (see Table 3), after controlling for 
decoding and vocabulary. In the first step (Model 0), we investigated the relative 
contribution of decoding and vocabulary. Both accounted for unique variance in 
reading comprehension (F(2,113) = 14.20, p < .001, adjusted R2 = .19). When the two 
storage measures were added in a second step (Model 1), only performance on the 
semantic storage task contributed significantly to reading comprehension performance 
(F(4,111) = 8.91, p < .001, adjusted R2 = .22) in addition to decoding and vocabulary. 
The contribution of performance on the phonological storage memory task was not 
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significant. Phonological and semantic working memory tasks were entered in a final 
step (Model 2). Out of the four memory tasks, only performance on the semantic 
working memory task contributed to reading comprehension performance in this model 
(F(9,109) = 7.65, p < .001, added R2 = .26). Interestingly, the addition of the working 
memory tasks in the final step led to a noticeable change in the beta-value of the 
semantic storage task, resulting in a no longer significant contribution of this task to 
reading comprehension. These results suggest that semantic storage may contribute to 
semantic working memory, which in turn may contribute to reading comprehension. In 
other words, semantic storage may contribute to reading comprehension via semantic 
working memory. To examine the relation between semantic storage, semantic working 
Table 1 | Descriptive Statistics (N=117) including Mean Scores and Standard Deviations (SD), 
Minimum (Min.) and Maximum (Max.) scores, Skewness and Kurtosis values.
Mean SD Min. Max. Skew. SE Kurt.
Reading comprehension 50.79 9.83 25.00 66.00 -0.84 0.22 -0.04
Decoding 63.08 18.43 22.00 102.00 0.10 0.22 -0.40
Vocabulary 124.52 14.00 96.00 155.00 -0.39 0.22 -0.25
Memory tasks
Phonological storage 7.58 1.33 4.00 11.00 0.43 0.22 0.22
Semantic storage 30.05 4.23 20.00 40.00 -0.20 0.22 -0.48
Phonological working memory 4.85 1.30 2.00 8.00 > 0.01 0.22 0.16
Semantic working memory 26.79 3.60 17.00 38.00 0.23 0.22 0.49
Table 2 | Pearson Correlations (N=117) among Reading Comprehension, Decoding, Vocabulary and the 
Four Memory Tasks.
1 2 3 4 5 6 7
1. Reading comprehension -
2. Decoding .316 ** -
3. Vocabulary .368 ** .166 -
4. Phonological storage .157 .201 * .146 -
5. Semantic storage .218 * .112 .044 .213 * -
6. Phonological working memory .164 .265 ** .215 * .545 ** .294 ** -
7. Semantic working memory .364 ** .141 .136 .434 ** .419 ** .301 ** -
Note. * = p < .05 ** = p < .01.
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memory and reading comprehension, a mediation analysis was performed, using the 
bootstrapping procedure of Preacher and Hayes (2004). 
As depicted in Figure 1, the direct relation between performance on the semantic 
storage task and reading comprehension was significant (c path; β = .52, SD = .21, 
p = .016), indicating that the level of semantic storage capacity predicted the level 
of reading comprehension. Additionally, performance on the semantic storage task 
contributed significantly to semantic working memory (a path; β = .36, SD = .07, p < 
.001), and working memory in turn contributed significantly to reading comprehension 
performance (b path; β = .90, SD = .26, p < .001). The indirect relation of performance 
on the semantic storage task to reading comprehension via working memory (ab path; β 
= .32, SD = .21, p = .005) to reading comprehension was also significant. However, when 
the whole model was taken into consideration, the initial significant relation between 
performances on the semantic storage task and reading comprehension (c′ path; β = 
.20, SD = .22, p = .379) was no longer significant. In other words, semantic storage 
only had an indirect contribution to reading comprehension via working memory. The 
whole model explained 12% of individual differences in reading comprehension and 
was significant (F(2,113) = 9.176, p < .001). Moreover, the bias-corrected 95% confidence 
intervals for the indirect effect did not include zero, which confirms the significance of 
the findings.
Table 3 | Hierarchical Regression Analysis with Reading Comprehension as the Dependent 
Variable.
Model B SD Beta Sig.
0 Decoding 0.139 0.05 0.26 0.003
Vocabulary 0.227 0.06 0.32 <.001
1 Decoding 0.123 0.05 0.23 0.01
Vocabulary 0.219 0.06 0.31 <.001
Phonological storage 0.392 0.64 0.05 0.54
Semantic storage 0.458 0.2 0.2 0.022
2 Decoding 0.123 0.05 0.23 0.007
Vocabulary 0.21 0.06 0.3 <.001
Phonological storage -0.216 0.75 -0.03 0.775
Semantic storage 0.247 0.21 0.11 0.246
Phonological working memory -0.267 0.76 -0.04 0.725
Semantic working memory 0.739 0.26 0.27 0.006
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DISCUSSION
The aim of the present study was to investigate the contribution of phonological 
and semantic storage, and phonological and semantic working memory to children’s 
reading comprehension, while accounting for decoding and vocabulary. By doing so, 
we examined the relative contribution of storage and processing capacities of working 
memory, while focusing on different aspects of linguistic information tapped by memory 
measures. We asked ourselves (1) whether semantic, but not phonological, storage is 
a direct predictor of reading comprehension, if measures assessing storage only are 
involved, (2) whether processing, but not storage, is a direct predictor of reading 
comprehension if phonological and semantic working memory measures are added to 
the analyses, (3) whether semantic, but not phonological processing is a direct predictor 
of reading comprehension, and (4) whether semantic storage indirectly predicts reading 
comprehension via semantic working memory.
The regression analysis with the two storage capacities as predictors revealed that 
semantic storage contributed to reading comprehension, while the contribution of 
phonological storage was not significant. These results are in line with previous studies 
Figure 1 | Mediation of the Relation between Semantic Storage and Reading Comprehension by 
Semantic Working Memory
Note. * = p < .05, ** = p <.01, *** = p <.001. The values belonging to the ab path were: β = .32, SD 
= .21, p = .005.
Semantic storage
Semantic storage
Semantic working
memory
Reading 
comprehension
Reading 
comprehension
c
c’
a b
.52*
.20
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that demonstrate no relation between phonological storage and reading comprehension 
in typically developing children (Leather & Henry, 1994; Oakhill et al., 1986; Yuill et 
al., 1989) and in children with reading comprehension difficulties (Nation et al., 1999; 
Oakhill et al., 1986; Stothard & Hulme, 1992). Additionally, these results fit well with 
results found in children with comprehension difficulties, who do not appear to benefit 
from the availability of long-term semantic representations in the same way as controls 
when asked to recall verbal stimuli (Nation et al., 1999). Moreover our results fit with 
Haarmann and colleagues (2003) who showed that semantic storage (also assessed with 
a conceptual span task) explained unique variance in reading comprehension beyond 
the measures of phonological storage in adults.
Addition of working memory measures to the regression analysis revealed that, 
similarly to the storage measures, the semantic working memory measure was a better 
predictor of reading comprehension than the phonological working memory measure, 
which is consistent with the results of previous studies in adults (Daneman & Merikle, 
1996) children (Oakhill et al., 2003; Seigneuric et al., 2000) and children with reading 
comprehension difficulties (Cain et al., 2004a, b). These results suggest that linguistic 
information tapped by working memory measures influences the extent to which they 
explain variation in reading comprehension. Additionally, the semantic working memory 
measure was a better predictor of reading comprehension than the storage measures, 
which is also in line with previous studies including adults (Daneman & Merikle, 1996), 
typically developing children (Cain, 2006) and children with reading comprehension 
difficulties (Carretti et al., 2009). These results support the view that general processing 
capacities tapped by working memory tasks are more important in explaining variance 
in reading comprehension than storage capacities (Daneman & Merikle, 1996; Cain 
et al., 2004a, b). Importantly, the mediation analysis revealed that semantic storage 
contributed to reading comprehension via semantic working memory. Hence, the 
current study shows that semantic storage capacity tapped by working memory tasks, in 
addition to general processing capacities, explained variance in reading comprehension, 
which has been proposed by a small number of previous studies (Haarmann, Just, & 
Carpenter, 1997; Nation & Snowling, 1998). It is interesting to note that our results fully 
commensurate with behavioral studies in patients (Hanten & Martin, 2000; Martin & 
He, 2004) and neuro-imaging studies in healthy adults (Martin, 2015; Martin, Shelton, 
& Yaffee, 1994) that have proposed of a separate semantic storage component, in 
addition to the phonological loop of Baddeley’s model (2000).
At first glance, the results of the current study appear to be in contrast with the result 
found by Haarmann and colleagues (2003) who found a unique contribution of semantic 
storage to adults’ reading comprehension, even when working memory was included 
in the model. However, the subtle differences in type of working memory tasks and 
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reading comprehension tasks used can explain the differences in findings. Haarmann 
and colleagues (2003) hypothesized that the involvement of semantic storage may 
depend on the type of reading comprehension task, as they did not find a unique 
contribution of semantic storage to all used reading comprehension tasks when working 
memory measures were included. They suggested that semantic storage becomes more 
important in reading comprehension when there is greater need for domain-specific 
linguistic comprehension.
The present study can be seen as a first step in uncovering the complex relations 
between phonological and semantic storage and phonological and semantic working 
memory, and reading comprehension. It should be noted that, in the current study, the 
reliability coefficients of the semantic memory tasks were relatively low, which may be 
caused by the small sample size of our study. Moreover, as we opted for the use of 
mostly standardized and often used memory tasks, the involvement of control processes 
may differ across them. Specifically, whereas the contribution of control processes is 
likely to be minimal in the phonological storage task (forward digit span), the semantic 
storage task (conceptual span) might involve some updating of information (see also 
Kane & Miyake, 2007). Together, this warrants caution in the interpretation of the results. 
The results therefore await replication in follow-up studies including multiple measures 
to reflect constructs that are either carefully matched and/or vary on the continuums of 
both phonological and semantic contributions as well on storage and processing.
In addition, it may be of interest to study the relation between semantic storage and 
reading comprehension in children with reading comprehension difficulties. It has been 
proposed that semantic storage aids in maintaining lexical-semantic item representations 
(Potter, 1993; Potter & Lombardi, 1990). Hence, a low semantic storage capacity may fail 
to aid in the integration of lexical-semantic item representations, which in turn may 
lead to reading comprehension problems (Haarmann et al., 1997; Martin, 2015). This 
possibility should be studied further in future work.
To conclude, the current study showed that semantic storage was a better predictor 
of individual variation in reading comprehension than phonological storage, indicating 
that the degree to which semantic information is tapped by storage tasks influences the 
extent to which these tasks explain variation in reading comprehension. Furthermore, 
it was found that the semantic working memory task explained individual variance in 
reading comprehension over and above all other memory measures. Importantly, the 
current study also showed that semantic storage contributed to reading comprehension 
via semantic working memory, indicating that both semantic storage and processing 
components tapped by working memory are important in explaining individual variation 
in children’s reading comprehension.
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Chapter 5
The Contribution of Semantic Retrieval 
to Children’s Reading Comprehension 
Development
This chapter is based on: Nouwens, S., Groen, M. A., Kleemans, T., & Verhoeven, L. 
(2016). The contribution of semantic retrieval to children’s reading comprehension 
development. Submitted for publication.
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ABSTRACT
The lexical quality hypothesis proposes that successful reading comprehension requires 
high quality phonological and lexical-semantic representations, which allow for efficient 
retrieval. The nature of these retrieval operations has however not been specified. 
The present study investigated the contribution of semantic retrieval to reading 
comprehension development in 119 Dutch children in the upper grades of primary 
school, while taking decoding and vocabulary size into account. Semantic retrieval 
was operationalized by using a verbal fluency task. With this task, we were able to 
measure semantic retrieval in line with the structural organization of the mental lexicon 
and additionally, a more controlled search through the mental lexicon. The results 
demonstrated that controlled semantic retrieval assessed in grade 5 accounted for 
variance in reading comprehension in grade 6, in addition to variance accounted for 
by vocabulary size. This indicated that the ability to search through the mental lexicon, 
along the lines of its hierarchical structure, is important for the development of children’s 
reading comprehension in the upper primary grades.
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INTRODUCTION
The lexical quality hypothesis proposes that successful reading comprehension depends 
on the quality of a reader’s word representations. More specifically, high quality 
phonological and lexical-semantic representations are thought to allow for efficient 
retrieval, which in turn leads to successful reading comprehension. Although the storage 
of representations has been clearly operationalized (e.g., by assessing decoding skills, 
vocabulary size and depth) this is not the case for semantic retrieval. As a consequence, 
its contribution to reading comprehension development has rarely been investigated. 
In the present study, it was therefore investigated to what extent retrieval processes—
as assessed by verbal fluency tasks (Lezak, 1995)—contributed to the development of 
reading comprehension in the upper primary grades, after accounting for decoding and 
vocabulary. 
Decoding skills and vocabulary knowledge account for substantial individual variation in 
children’s reading comprehension in the lower (Muter, Hulme, Snowling, & Stevenson, 
2004) and upper grades of primary school (de Jong & van der Leij, 2002; Goff, Pratt, & 
Ong, 2005; Nation & Snowling, 2004; Oakhill, Cain, & Bryant, 2003; Verhoeven & van 
Leeuwe, 2008). Decoding refers to the ability to convert graphemes into corresponding 
phonemes, which, for beginning readers, is a slow and effortful process (Gough & 
Tunmer, 1986; Hoover & Gough, 1990) and a significant source of individual variation in 
reading comprehension development (Bast & Reitsma, 1998; Catts, Hogan, & Adlof, 2005; 
Verhoeven & van Leeuwe, 2008). However, across grades one through four, decoding 
skills develop and gradually become automatic, which is reflected in the increase in 
applied accuracy and speed. As a result, advanced readers in the upper grades of 
primary school have more resources available to process the meaning of a text (Perfetti, 
1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992). Indeed, the contribution of 
vocabulary knowledge to reading comprehension development increases in the upper 
primary grades (Bast & Reitsma, 1998; Verhoeven & van Leeuwe, 2008). Vocabulary 
knowledge includes both the number of words a child knows (vocabulary size) and how 
well words are known, including associations between words (vocabulary depth). Both 
aspects of vocabulary knowledge have been shown to account for individual differences 
in reading comprehension in the upper primary grades, where vocabulary breadth is the 
strongest predictor (e.g., Cain & Oakhill, 2014; Ouellette, 2006; Tannenbaum, Torgesen, 
& Wagner, 2006).
These results are in line with the lexical quality hypothesis (Perfetti & Hart, 2002), which 
states that the quality of a reader’s phonological and lexical-semantic representations 
influence reading comprehension performance. Lexical quality comprises the storage of 
phonological and semantic representations and retrieval of these representations, and is 
thought to develop over time. When learning new words, phonological representations 
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and basic semantic representations are stored and vocabulary size increases (Lahey, 
1988). Over time, vocabulary depth increases and knowledge of associations between 
words become stronger, signaling the increase of semantic networks (Beckage, Smith, & 
Hills, 2011). Well organized networks—networks with dense connections between highly 
related words and few connections between less related words—facilitate semantic 
retrieval (Beckage et al., 2011; Griffiths, Steyvers, & Firl, 2007; Steyvers & Tenenbaum, 
2005). In other words, high quality representations are thought to lead to an increased 
automaticity in retrieval. In contrast, lower quality representations lead to less efficient 
retrieval (Perfetti, 2007). 
Lexical Quality, Semantic Retrieval and Reading Comprehension
To form a coherent text representation, readers have to construct a memory-based 
mental model of the situation described in the text, referred to as a situation model 
(Kintsch, 1998). According to the Construction-Integration model (Kintsch, 1998), 
building a mental text model is guided by the semantic relations specified in the text. 
During reading, the reader has to integrate a word’s referential meaning to a semantic 
representation of the text. However, as not all information is explicitly stated in a text, 
readers typically have to draw inferences in order to fill in this missing information. 
These inferences are drawn from different sources of knowledge, including vocabulary 
knowledge. Cain and Oakhill (2014) demonstrated that vocabulary depth is particularly 
important for inference making. They suggested that a high vocabulary depth enables 
readers to make connections between concepts presented in the text and semantically 
related concepts in the mental lexicon, which allows them to infer what is not explicitly 
stated in the text. Hence, during reading semantic concepts are activated in the 
mental lexicon and subsequently need to be retrieved from the mental lexicon. Based 
on the lexical quality hypothesis, semantic retrieval appears to become efficient once 
phonological skills are automatized and semantic representations become richer, which 
include more in-depth representations of words and the forming of relations and 
associations between words (Ouellette, 2006). This suggests that semantic retrieval 
becomes important for reading comprehension in the upper grades of primary school, 
when decoding is automatized and reading education focuses more on reading for 
meaning. 
Indeed, a few studies have indicated that in depth semantic processing (including 
retrieval) is important for reading comprehension for children in the upper primary 
grades. In a study including children with an initial age of 8.5 years old, Nation and 
Snowling (2004) reported a significant contribution of semantic processing skills, 
consisting of a composite score of performance on a synonym judgment and semantic 
retrieval task, to reading comprehension measured at the same time point and 
measured 4.5 years later, after accounting for phonological processing skills. As semantic 
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retrieval was part of a composite score, the exact contribution of semantic retrieval to 
reading comprehension remains unclear though. In another study, Nation and Snowling 
(1998) compared children with and without reading comprehension difficulties, on 
a set of phonological and semantic processing skills. The children were matched for 
decoding ability, chronological age, and nonverbal ability. The two groups performed 
at a similar level on phonological processing skills, however, the children with reading 
comprehension difficulties performed less well on tasks tapping into receptive and 
expressive vocabulary knowledge and on tasks tapping into semantic processing skills, 
including a semantic retrieval task. Based on these findings, Nation and Snowling (1998) 
proposed that reading comprehension difficulties may be explained by the slowness 
or inability to access word meanings. Together these studies indicate that semantic 
retrieval may be related to reading comprehension performance and development. 
However, because of the use of a composite score for semantic processing (Nation 
& Snowling, 2004), the contribution of semantic retrieval remains unclear. Furthermore, 
it is important to investigate its contribution to reading comprehension development 
in typically developing children in addition to children with comprehension problems 
(Nation & Snowling, 1998), after accounting for decoding and vocabulary skills.
Assessing semantic retrieval
An important measure in assessing semantic retrieval in the neuropsychological 
literature is a verbal fluency task. Verbal fluency tasks require participants to generate as 
many words as possible in a limited amount of time (usually 60 seconds; Lezak, 1995). 
These tasks characteristically consist of a condition in which participants are required 
to produce words that belong to a certain semantic category (for example animals or 
food), and a condition in which participants are required to produce words beginning 
with a given initial letter (for example k or m). Producing words in the semantic 
category condition is in line with the structural organization of the mental lexicon, and 
is therefore thought to initially reflect the spreading of activation through the semantic 
network (Collins & Loftus, 1975). In contrast, in the initial letter condition spreading of 
activation through the semantic network is disadvantageous for retrieval and instead 
search strategies need to be applied (Riva, 2000). As a result, the participants must 
rely more on executive functioning to retrieve words and less on verbal representations 
in the initial letter condition than in the semantic category fluency condition (Katzev, 
Tüscher, Hennig, Weiller, & Kaller, 2013; Luo, Luk, & Bialystok, 2010).
Another relevant factor in the assessment of semantic retrieval is the degree to which 
it involves automatic versus controlled processes. At the start of the task, participants 
retrieve words from a long-term storage of readily accessible words, also referred to as 
the topicon (Smith & Claxton, 1972). In experimental studies, this automatic retrieval is 
operationalized by measuring the number of correct responses in the first 15 seconds of 
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the task (Crowe, 1998; Hurks et al., 2006). However, over time the topicon is exhausted, 
leading to the necessity to use search strategies, which rely on executive functioning. 
This controlled retrieval is operationalized by the number of correct responses in the 
last 45 seconds of the task (Crowe, 1998; Hurks et al., 2006). As of yet, it is unclear 
whether the strategy use in the controlled retrieval in the semantic category condition 
differs from the strategies used in the initial letter condition. 
To resume, verbal fluency tasks may provide insight into several aspects of semantic 
retrieval relevant for reading comprehension development, including the spreading 
of activation through the semantic network, and the use of search strategies either in 
line with the structural organization of the mental lexicon or in contradiction to the 
structural organization of the mental lexicon. However, so far, this task has not been 
used to assess the contribution of semantic retrieval to the development of reading 
comprehension in the upper grades of primary school.
The present study
The current study therefore investigated if semantic retrieval processes could account for 
individual variation in children’s reading comprehension development through grades 4 
to 6, after accounting for decoding and vocabulary. Investigating the contribution of 
semantic retrieval is particularly interesting in this age group, as decoding skills are 
proposed to be automatized, and semantic representations and controlled processing 
are becoming more important for reading comprehension. 
Semantic retrieval was assessed by a verbal fluency task with a semantic category 
fluency condition and an initial letter fluency condition. Furthermore, we regarded 
automatic semantic retrieval processes and controlled semantic retrieval processes for 
each condition. We investigated this in two steps. First, following predictions from the 
lexical quality hypothesis we tested the relative contribution of decoding and vocabulary 
size to reading comprehension in grade 5 and 6. Secondly, we examined the relative 
contribution of semantic retrieval to reading comprehension in grade 5 and 6, after 
taking decoding and vocabulary size into account. To regard the development trajectory 
and the causal interpretation of the relation between the components of lexical quality 
hypothesis and reading comprehension, we included the autoregressive effects of each 
of the variables (de Jong & van der Leij, 2002).
It was expected that both decoding and vocabulary size would account for variance 
in reading comprehension development, with vocabulary accounting for more variance 
than decoding, especially in the higher grades. Additionally, it was expected that 
semantic retrieval processes contribute to reading comprehension after accounting 
for decoding and vocabulary size. We had no clear expectations concerning the two 
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conditions of the semantic verbal fluency task, nor concerning the contribution of 
automatic and controlled semantic retrieval to reading comprehension development, as 
this relation has not yet been addressed in prior studies. 
METHOD 
Participants
A total of 122 Dutch fourth grade children (Mage = 9.89 years; SD = .44 years) was 
recruited from four primary schools in The Netherlands. Informed passive parental 
consent was obtained for all children, which resulted in a participation rate of 100%. 
In addition, four children were included in grade 5. Furthermore, seven children were 
excluded from the study due to either a score below the 25% percentile on the non-
verbal cognitive ability test (Raven’s Colored Progressive Matrices; Raven, Raven, & 
Court, 2003) (n = 5), or a failure to reach a score of 10% correct on the questions of the 
reading comprehension test (n = 2). Therefore, the final sample in grade 6 consisted 
of 119 children, including 68 boys and 51 girls (grade 5: Mage = 11.07; SD = .42 years; 
grade 6: Mage =12.05 years; SD = .42 years). The percentage of non-native speakers of 
Dutch was less than 3%, which falls below the average minority representation (15%) in 
Dutch elementary schools (Tesser, Merens, & Van Praag, 1999).
Materials
Decoding. Decoding was assessed by means of the Klepel (Brus & Voeten, 1999), a 
standardized Dutch pseudoword reading test where participants were asked to read 
a list of pseudowords as quickly and accurately as possible, within a time limit of two 
minutes. The list contained 116 items, increasing in length and difficulty. Decoding 
was reflected by the total number of pseudowords read correctly. The parallel-forms 
correlation has been reported to be good (i.e. .89 in grade 4; .92. in grade 5; Brus & 
Voeten, 1999).
Vocabulary. Vocabulary was measured using the Peabody Picture Vocabulary Test—III—
NL (PPVT—III—NL; Dunn & Dunn, 2005). Participants were presented with four pictures 
on a computer screen. The task of the participant was to indicate which picture best 
reflected the word that was orally presented by the tester. Testing was stopped after 
nine mistakes within one block (i.e. 12 items). The maximum possible score was 204. 
Vocabulary was reflected by the total number of correct responses. The test–retest 
reliability was found to be good (range between .89 and .97; Dunn & Dunn, 2005).
Semantic retrieval. Semantic retrieval was assessed with a verbal fluency task, which is a 
subtest of the Neuropsychological Assessment of Children (NEPSY) battery, and included 
a semantic category condition and a initial letter condition. The semantic category 
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condition required participants to produce as many words as possible that belonged 
to the category animals within 60 seconds. All responses were recorded and scored 
afterwards. Guidelines for scoring were based on Hurks, Schrans, Meijs, Wassenberg, 
Feron and Jolles (2010). Correct answers were responses including all animals either 
existing or extinct (e.g., dinosaur). The following answers were considered incorrect: a) 
words that were not an exemplar of the category “animals” (e.g., daisy), b) names of 
individual animals (e.g., when a child said the word Bello as a name for a dog), and c) 
perseverations, which include repetitions of correct words and morphological variants 
(e.g., dog and dogs), with the exception of male versus female variants (e.g., lion and 
lioness) as Dutch includes both regular and irregular versions of these variants. Correct 
and incorrect responses were coded for a) 1–15 seconds, b) 16–30 seconds, c) 31–45 
seconds, and d) 46–60 seconds. Automatic semantic retrieval was reflected by the 
total number of correct responses given in the first 15 seconds of the task. Controlled 
semantic retrieval was reflected by the total number of correct responses given in the 
last 45 seconds of the task. 
The Initial letter verbal fluency condition consisted of two trials. One trial which required 
participants to produce as many words as possible beginning with the letter m, and 
one trial in which participants were required to produce words beginning with the 
letter k within 60 seconds (similar to other studies including Dutch participants; Pollux, 
Wester, & De Haan, 1995; Oosterlaan, Scheres, Sergeant, 2005). All responses were 
recorded and scored afterwards. Guidelines for scoring were based on Hurks and 
colleagues (2010). The following answers were considered incorrect: a) words starting 
with a different initial letter, b) names of individuals and c) perseverations, which include 
repetitions of correct words and morphological variants (e.g., mint and mints). Correct 
and incorrect responses were coded for a) 1–15 seconds, b) 16–30 seconds, c) 31–45 
seconds, and d) 46–60 seconds. Automatic initial letter retrieval was reflected by the 
total number of correct responses given in the first 15 seconds of the task. Controlled 
initial letter retrieval was reflected by the total number of correct responses given in 
the last 45 seconds of the task. The test-retest reliability for this task is reported as .76 
(Korkman, Kirk, & Kemp, 1998).
Reading comprehension. Reading comprehension was assessed using the standardized 
Dutch task “Diatekst” (H. I. Hacquebord, personal communication, school year 2011–
2012). The task consisted of six textbook texts, comprised of two texts with a difficulty 
level suitable for each grade (i.e. grade 4, 5 and 6). Prior to answering the questions, 
participants were instructed to read the text. Each text was accompanied by ten to 
twelve multiple-choice questions covering micro-, meso- and macro structures of 
the text. Micro-level questions (29 items) assessed word knowledge and syntactical 
constructions. Meso-level questions (18 items) assessed relations between sentences of 
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the text. Finally, macro-level (20 items) questions assessed global text comprehension. 
The texts remained available for reading during the entire assessment. The performance 
on reading comprehension was reflected by the total number of correct answers 
(maximum = 67). The Cronbach’s alpha was found to be good (calculated as .90 in 
grade 4, .89 in grade 5 and .87 in grade 6).
Procedure
Semantic retrieval, decoding, vocabulary and reading comprehension were all assessed 
in grade 4 and 5. Reading comprehension was also assessed in grade 6. Reading 
comprehension was administered in class. All other tasks were administered individually 
in a fixed order. 
Data-Analyses
All raw scores were converted into z-scores (M = 0; SD = 1). For semantic retrieval in 
the initial letter condition a composite score was computed by calculating the average 
z-score across the two trials.
First, we ran a correlation analysis. Variables that did not correlate with reading 
comprehension assessed one year later were excluded from the subsequent Structural 
Equation Model analysis, to optimize statistical power.
Second, Structural Equation Modeling (Jöreskog & Sörbom, 2003) was undertaken to 
test the relative contribution of decoding and vocabulary in the development of reading 
comprehension. Third, Structural Equation Modeling was performed to test the relative 
contribution of semantic retrieval to reading comprehension development, after taking 
decoding and vocabulary into account. For both Structural Equation Model analyses, 
autoregressive effects of each of the variables were included as well, as this allows for a 
strong support for causality (de Jong & van der Leij, 2002). For the Structural Equation 
Model analyses, missing data points (<5%) turned out to be Missing Completely At 
Random (MCAR; χ2(40) = 39.059, p = .512, and therefore pairwise correlations were 
used to optimize statistical power (Glasser, 1964). 
To evaluate model fit, several indices can be used. To begin with, for relatively small 
samples (n > 75; n < 200), the p-value related to the Chi-square distribution is generally 
accepted as a good measure of fit and should exceed .05 (Kenny & McCoach, 2003). 
In addition to this measure, both the Comparative Fit Index (CFI) and Non-Normed Fit 
Index (NNFI) should exceed .95 (Hu & Bentler, 1999). Finally, the Root Mean Square Error 
of Approximation (RMSEA) should not exceed .06 and the value of the standardized 
root mean square residual (SRMR) should be smaller than .08. 
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RESULTS
Descriptive statistics are in raw scores and displayed in Table 1. All variables met the 
requirements for normal distribution as skewness and kurtosis were > -2.0 and < 2.0 (cf. 
George & Mallery, 2010).
The Pearson correlations between semantic retrieval processes, decoding and vocabulary 
(grades 4 and 5), and reading comprehension (grades 4-6) are presented in Table 2. The 
results demonstrated that decoding and vocabulary measured in grade 4 had a low 
correlation with reading comprehension in grade 5 . Moreover, decoding and controlled 
semantic category retrieval measured in grade 5 showed a low correlation with reading 
comprehension assessed in grade 6, while vocabulary was moderately correlated with 
reading comprehension in grade 6. Performance on the initial letter verbal fluency 
task (automatic and controlled retrieval) did not correlate with reading comprehension. 
Automatic retrieval on the semantic category condition also did not correlate with 
reading comprehension. We therefore only included controlled (i.e. performance during 
the last 45 seconds of the task) retrieval in the semantic category fluency condition in 
the Structural Equation Model analyses.
Structural Equation Modeling was performed to test the relative contribution of decoding, 
vocabulary, and controlled semantic category retrieval to reading comprehension 
development. First, we investigated the relative contribution of decoding and vocabulary 
to reading comprehension development, after taking into account the autoregressive 
effects of each of the variables as well. Second, we tested the relative contribution of 
controlled semantic category retrieval, decoding and vocabulary in the development of 
reading comprehension. In both models, autoregressive effects of each of the variables 
were set free. Furthermore, variables within each grade were allowed to correlate. The 
results of the first model indicated an acceptable fit (χ2(16) =23.56, p = .010; CFI = 
0.98; NNFI = 0.97; RMSEA = 0.063; SRMR = 0.090), with no additional modification 
indices. Next to significant autoregressive effects of decoding, vocabulary, and reading 
comprehension, the results showed an effect of fifth grade vocabulary to sixth grade 
reading comprehension (see Figure 1).
The results of the second model indicated that all measures reached an acceptable 
fit (χ2(29) =39.65, p = .090, CFI = 0.97; NNFI = 0.97; RMSEA = 0.056; SRMR = 0.097). 
Next to significant autoregressive effects of controlled semantic category retrieval, 
decoding, vocabulary, and reading comprehension, the results showed an effect of 
fifth grade vocabulary and controlled semantic category retrieval to sixth grade reading 
comprehension (see Figure 2).
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Table 1 | Descriptive Statistics (N=119) of Decoding, Vocabulary, Automatic and Controlled Semantic 
Retrieval on the Semantic Category and Initial Letter Verbal Fluency Task in Grade 4 and 5 and 
Reading Comprehension Grade 4-6.
N M SD Min. Max. Skew-
ness
Kurtosis
Grade 4 
Decoding 115 56.82 17.813 12 108 0.222 0.181
Vocabulary 115 118.48 9.732 97 145 0.462 -0.302
Semantic category fluency
Automatic retrieval 110 7.42 1.758 4 12 0.247 -0.502
Controlled retrieval 110 9.16 3.085 3 20 0.388 0.587
Initial letter fluency
Automatic retrieval 109 4.08 1.152 1 7 0.183 0.307
Controlled retrieval 109 4.36 1.636 1 10 0.647 0.506
Reading comprehension 115 44.32 10.436 18 63 -0.376 -0.616
Grade 5
Decoding 116 63.08 18.434 22 102 0.101 -0.404
Vocabulary 116 124.52 13.995 96 155 -0.39 -0.246
Semantic category fluency
Automatic retrieval 114 8.11 2.101 4 14 0.173 -0.318
Controlled retrieval 114 9.38 2.97 3 17 0.289 -0.117
Initial letter fluency
Automatic retrieval 116 4.62 1.308 2 9 0.524 0.356
Controlled retrieval 116 4.81 1.956 0 10 0.112 -0.165
Reading comprehension 117 50.79 9.829 25 66 -0.84 -0.037
Grade 6
Reading comprehension 113 55.1 7.825 23 66 -1.166 1.69
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Figure 1 | Structural Equation Model investigating the Contributions of Decoding and Vocabulary to Reading 
Comprehension Development, while taking the Autoregressor Reading Comprehension into Account.
Note. * p <.05 ** p < .01 *** p < .001. The lines in Figure 1 represent the relations that were included in 
the Structural Equation Model. The dashed lines represent the relations between variables that 
turned out to be non-significant. The solid lines represent significant relations between variables. 
DISCUSSION
In the present study, we investigated the contribution of automatic and controlled 
semantic retrieval to children’s reading comprehension development through grades 
4 to 6, after taking decoding, vocabulary and the autoregressor of each variable into 
account. Semantic retrieval was assessed with a semantic category fluency task and an 
initial letter fluency task. The results demonstrated that controlled semantic category 
fluency assessed in grade 5 accounted for variance in reading comprehension in grade 
6, in addition to variance accounted for by vocabulary size. 
First, we examined the relative contribution of decoding and vocabulary size to reading 
comprehension development. We did not find a significant relation between decoding 
and reading comprehension. Moreover, the results showed a high stability of individual 
differences between decoding assessed in grade 4 and 5 in the present study. Together 
these results are in line with the proposal that decoding does not account for individual 
differences in reading comprehension in the upper primary grades, as decoding has 
become automatized (Perfetti, 1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992). 
In another study including Dutch children, Verhoeven and van Leeuwe (2008) did 
demonstrate an influence of fifth grade word decoding skill on sixth grade reading 
comprehension, when taking fifth grade reading comprehension into account. However, 
Grade 4 Grade 5 Grade 6
Decoding Decoding
Reading
comprehension
Reading
comprehension
Reading
comprehension
Vocabulary Vocabulary
.85***
.36**
.49*** .75***
.19*
-.03
.14
.12
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the contribution of word decoding to reading comprehension was quite small (Beta = 
.05) and the differences in findings can be explained by the suggestion by Nation & 
Snowling (1997) that word recognition (as assessed by a word reading task by Verhoeven 
& van Leeuwe, 2008) is a stronger predictor of reading comprehension than pseudoword 
decoding (as assessed by a pseudoword reading task in the current study). With respect 
to vocabulary, the results demonstrated that while fourth grade vocabulary did not 
account for individual differences in fifth grade reading comprehension, the contribution 
of fifth grade vocabulary to sixth grade reading comprehension was significant. These 
results are in line with Verhoeven and van Leeuwe (2008) who also reported no 
contribution of fourth grade vocabulary to fifth grade reading comprehension and 
a moderate influence (Beta = .33) of fifth grade vocabulary on sixth grade reading 
comprehension, when taking fifth grade reading comprehension into account. These 
results are in line with the proposal that the contribution of vocabulary knowledge to 
Figure 2 | Structural Equation Model investigating the Contributions of Decoding, Vocabulary and Controlled 
Semantic Category Retrieval to Reading Comprehension Development, while taking the Autoregressor 
Reading Comprehension into Account.
Note. * p <.05 ** p < .01 *** p < .001. The lines in Figure 2 represent the relations that were included in the 
Structural Equation Model. The dashed lines represent the relations between variables that turned out to be 
non-significant. The solid lines represent significant relations between variables.
Grade 4 Grade 5 Grade 6
Decoding Decoding
Reading
comprehension
Reading
comprehension
Reading
comprehension
Vocabulary
Controlled
semantic category
retrieval
Vocabulary
Controlled
semantic category
retrieval
.85***
.36**
.36**
.49*** .75***
.19*
.11*
-.03
.14
.12
.02
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reading comprehension increases (Bast & Reitsma, 1998; Catts et al., 2005; Verhoeven 
& van Leeuwe. 2008), when decoding becomes more automatic (Perfetti, 1998; Samuels 
& Flor, 1997; Tunmer & Hoover, 1992). 
Next, we investigated the contribution of semantic retrieval to reading comprehension 
development, in addition to decoding and vocabulary skills. Semantic retrieval was 
assessed with a semantic category condition and an initial letter fluency condition, 
thought to reflect retrieval of information along the hierarchal organization of the 
semantic network and a strategic search through the mental lexicon, respectively. The 
correlation analysis demonstrated that the performance in the initial letter condition 
did not have a significant relation with reading comprehension performance (neither 
automatic nor controlled retrieval), and was therefore excluded from further analyses. 
This is consistent with previous studies that have repeatedly reported that tasks that 
assess semantic processing are better predictors of reading comprehension than tasks 
that measure similar processes but which assess semantic processing to a smaller extent. 
For instance, it has been consistently shown that semantic working memory tasks are 
better predictors of reading comprehension than working memory tasks that mainly 
tap phonological processing (Cain, Oakhill & Bryant, 2004; Daneman & Merikle, 1996; 
Oakhill et al., 2003; Seigneuric, Ehrlich, Oakhill, & Yuill, 2000) and non-verbal working 
memory tasks (Shah & Miyake, 1996) in both typically developing children and adults. 
Together these studies suggest that tasks reflecting domain-specific processing are 
better predictors of reading comprehension performance than tasks that more strongly 
reflect domain-general processing.
Additionally, we regarded the contribution of automatic and controlled semantic 
retrieval to reading comprehension development, where automatic retrieval reflected the 
retrieval of readily accessible words form the topicon, and controlled retrieval reflected 
the use search strategies due to exhaustion of the topicon. When investigating the 
relative contribution of the semantic category condition, the results demonstrated that 
only fifth grade controlled semantic category retrieval (i.e. the performance during the 
last 45 seconds of the task) contributed to sixth grade reading comprehension, after 
accounting for decoding and vocabulary. 
This finding is in line with the results of Nation and Snowling, which suggest a contribution 
of performance on a semantic category fluency task to reading comprehension (1998; 
2004). However, in these studies semantic retrieval was part of a composite score or 
was investigated in children with and without reading comprehension difficulties. Hence, 
a direct contribution of semantic retrieval to reading comprehension development in 
typically developing children was unclear. Therefore, in the current study we addressed 
these issues and confirmed a direct contribution to the development of reading 
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comprehension in the upper primary grades, after accounting for decoding and 
vocabulary size.
Moreover, these results suggest that rather than the number of readily accessible 
words in the mental lexicon, the ability to actively search through the semantic 
network (while following the hierarchical organization) accounts for differences in 
reading comprehension performance one year later. This suggests that, in addition 
to stored lexical representations (i.e. vocabulary size and depth), control processes 
influence reading comprehension development at this age. This is in congruence with 
studies described in the neuropsychological literature, which have regarded retrieval 
processes in patients with localized neurological damage. These studies report clear 
distinctions between patients who have damaged semantic representations and those 
who have trouble retrieving semantic information, even though their representations 
are of sufficient quality (Forde & Humphreys, 1995; Hamilton & Martin, 2010; Jefferies 
& Lambon-Ralph, 2006; Jefferies, Patterson, & Lambon-Ralph, 2008; Warrington & 
Cipolotti, 1996). Hence, in addition to semantic representations, a controlled search 
through the semantic network aids in reading comprehension development.
Importantly, when regarding the developmental trajectory, the results show, that in 
the upper primary grades—when decoding skills are developed—vocabulary size and 
controlled semantic retrieval account for variance in reading comprehension. Specifically, 
these skills only become important for reading comprehension development at the 
end of primary school. These results are in line with the proposal that quality of word 
representations develops over time. After children have formed phonological and 
basic semantic representations, the quality of these representations are refined, and 
vocabulary size and depth increases, which allows for increased efficiency in semantic 
retrieval. Within the lexical quality hypothesis efficient retrieval is characterized by an 
effortless process, which is reflected by little involvement of control processes such 
attention and working memory (Perfetti, 2007). In contrast, the present study indicates 
that retrieval processes are guided by domain-specific controlled processing. One 
explanation is that children in grade 5 are still developing their semantic network and 
retrieval is not yet automatized. Another explanation is that controlled processing is 
important for retrieval in addition to the storage of representations. It would be of 
interest to further investigate the relation between controlled semantic retrieval and 
reading comprehension development. Previous studies have indicated that controlled 
processing during the verbal fluency task is dependent on several executive functions 
(Crowe, 1998). As executive functions are known to develop well into adulthood 
(Diamond, 2002), this suggests that the contribution of controlled semantic retrieval may 
change over time. Future work should address this issue.
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To conclude, this study demonstrated that semantic retrieval accounted for individual 
variation in children’s reading comprehension development in the upper primary 
grades, after taking decoding and vocabulary size into account. Additionally, we found 
that the contribution of semantic retrieval to reading comprehension development 
becomes important at the end of primary school, which is in line with the development 
of the quality of lexical representations. Finally, in contrast to the conceptualization of 
retrieval processes within the lexical quality hypothesis, we found that not automatic, 
but controlled semantic retrieval (while following the hierarchical organization of the 
mental lexicon) contributed to the development of reading comprehension, indicating 
that semantic retrieval in this age group is either not yet an effortless process, or that 
controlled processing is important in the retrieval of information in addition to well-
specified representations.
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The general aim of the present dissertation was to examine the role of executive 
functioning in reading comprehension development in the upper grades of primary 
school, in addition to decoding and linguistic comprehension. More specifically, we 
regarded the relative contribution of multiple executive functions (including integrated 
and separate measures of storage and processing) to reading comprehension. 
Additionally, we investigated the importance of language specificity when regarding 
the relation between executive functioning and reading comprehension. Cross-sectional 
studies were performed to investigate these different aspects of the relation between 
executive functions and reading comprehension. Moreover, longitudinal studies were 
conducted as well, to obtain insight into the development of executive functioning in 
reading comprehension. This final chapter will provide a summary of the main findings, 
followed by the theoretical implications. Following, limitations of this dissertation 
and recommendations for future research will be reviewed and, lastly, the practical 
implications will be discussed.
Executive functioning in reading comprehension 
Broadly, Chapters 2 and 3 of the current dissertation focused the contribution of 
multiple executive functions to reading comprehension in the upper primary grades. 
These executive functions included working memory, storage of information, inhibition, 
cognitive flexibility and planning. As mentioned throughout the dissertation, among 
these executive functions, working memory is the most well established predictor 
of reading comprehension performance. It is proposed that it facilitates reading 
comprehension by integrating stored representations (such as previously read words 
or prior knowledge) with incoming information (Baddeley & Hitch, 1974; Daneman & 
Carpenter, 1980). Similarly, at word-level processing, working memory is needed to 
map graphemes to corresponding phonemes, while retaining the retrieved phonemes 
and syllables in storage so that words can be recognized (Just & Carpenter, 1992). 
The present dissertation confirmed these claims as working memory both directly 
contributed to reading comprehension, as well as indirectly via decoding. Additionally, 
Chapter 2, which included longitudinal data, suggests that working memory is important 
for reading comprehension development in the upper primary grades, after taking 
decoding and linguistic comprehension into account. 
Working memory is however, commonly assessed with integrated tasks that 
simultaneously assess storage and processing capabilities. When regarding separate 
measures of storage and processing, it was demonstrated in Chapter 4 that semantic 
storage, and not phonological storage, accounted for individual variation in reading 
comprehension, which is also found in adults (Haarmann, Usher & Davelaar, 2003). 
Semantic storage is proposed to aid in the integration of words by keeping the 
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meaning of words available until they are integrated with newly encountered information 
(Daneman & Merikle, 1996). Hence, this suggests that semantic storage is needed for 
working memory, which in turn contributes to reading comprehension. Indeed, Chapter 
4 showed that semantic storage contributed indirectly to reading comprehension via 
the integrated semantic working memory measure (i.e. listening span task), indicating 
that both semantic storage and processing components tapped by working memory 
are important in explaining individual variation in children’s reading comprehension. 
It would be interesting to investigate the unique contribution of semantic storage in 
addition to separate measures of processing (similar to Chapter 3).
When regarding separate processing measures, it was demonstrated in Chapters 2 
and 3 that cognitive flexibility and planning accounted for unique variance in reading 
comprehension, after taking decoding, linguistic comprehension and working memory 
into account. The results concerning cognitive flexibility are in line previous studies that 
also found a contribution of performance on a non-verbal cognitive flexibility task to 
reading comprehension, after controlling for decoding, linguistic comprehension and 
working memory (Kieffer, Vukovic, & Berry 2013). Cognitive flexibility may be needed 
to simultaneously process phonological and semantic information, to retrieve multiple 
representations from the mental lexicon or long-term memory (Cartwright, 2009), to 
adapt existing text representations to new text representations (Diamond, 2013), or to 
adjust reading strategies based on the reading goal and task difficulty (Ramsel & Grabe, 
1983). Moreover, Chapter 3 indicates that cognitive flexibility may contribute indirectly 
to reading comprehension, via working memory. It is proposed that cognitive flexibility 
facilitates the dual-task requirement of working memory (Towse, Hitch, & Hutton, 2002). 
Planning is regarded as a higher-level executive function, which is involved in meta-
cognitive processes such as monitoring of one’s own understanding and reasoning 
(Diamond, 2013; Vellutino, Scanlon, & Lyon, 2000). It can be seen as the ability to 
decide which actions are necessary to reach and complete a goal (Cartwright, 2009; 
Diamond, 2013). In Chapter 3, no significant relation was found between planning and 
reading comprehension, using cross-sectional data. The relation between planning 
skills and reading comprehension might become stronger with age, and/or take a 
more prominent role when other skills (such as the three core executive functions) are 
more developed. This would fit the results found in previous cross-sectional studies 
that provided evidence for a relation between planning and reading comprehension in 
slightly older children (Cutting, Materek, Colé, Levine, & Mahone 2009; Sesma, Mahone, 
Levine, & Cutting 2009). Moreover, this would fit with our findings in Chapter 2, which 
demonstrated longitudinal evidence for this relation as planning assessed in grade 4 
contributed to reading comprehension assessed in grade 5. In short, the role between 
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planning and reading comprehension development still is somewhat inconclusive and 
this relation should be clarified in future studies. 
With respect to inhibition, Chapter 2 demonstrated that prepotent response inhibition—
the ability to suppress automatic reactions (Friedman & Miyake, 2004)—accounts for 
individual differences in decoding, which is concurrent with other studies (Altemeier, 
Abbott, & Berninger, 2008; Arrington, Kulesz, Francis, Fletcher, & Barnes, 2014). It has been 
suggested that inhibition mechanisms are needed for decoding to suppress distracting 
information evoked by the words in the text, such as homophones and homonyms 
(Arrington et al., 2014). Based on the results in Chapters 2 and 3 and previous studies 
(Borella, Carretti, & Pelegrina, 2010; Christopher, Miyake, Keenan, Pennington, De Fries, 
Wadsworth et al., 2012), it appears that prepotent response inhibition is not needed 
for reading comprehension in the upper primary grades. Others have suggested that, 
rather than prepotent respone inhibition, resistance to proactive interference (the ability 
to suppress or remove outdated information to help maintain relevant stimuli in working 
memory; Friedman & Miyake, 2004) is relevant for reading comprehension (Arrington 
et al., 2014). However, this type of inhibition has proved to be entwined with working 
memory (Friedman & Miyake, 2004) and suggest that working memory may serve as 
a mediator between inhibition and reading comprehension. Chapter 3 of the current 
dissertation supports this proposal as inhibition had a marginally significant contribution 
to working memory.
Lastly, Chapter 5 regarded executive functioning in the context of retrieval operations. 
The results indicated that controlled semantic retrieval, which is proposed to rely on 
executive functioning (Crowe, 1998; Hurks et al., 2006), assessed in grade 5 contributed 
to reading comprehension assessed in grade 6, after taking decoding and vocabulary 
knowledge into account. Hence, the results demonstrated that language-specific 
executive functioning is needed for reading comprehension development.
To summarize, in order to achieve a sufficient level of reading comprehension, children 
in the upper primary grades need to rely on their executive functioning in addition to 
decoding and linguistic comprehension. The executive functions that have been shown 
to play a direct role in reading comprehension (development) include semantic working 
memory, semantic retrieval and other domain-general executive functions namely 
cognitive flexibility and planning. Moreover, semantic storage, inhibition, cognitive 
flexibility and working memory indirectly contribute to reading comprehension via other 
underlying processes.
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Domain-specificity versus domain-general processes
A major component in establishing reading comprehension is the ability to compute 
the semantic relations among successive words, phrases, and sentences in order to 
construct a coherent and meaningful representation of the discourse (Kintsch, 1998). 
In order to do so, children need to have a sufficient level of linguistic comprehension 
and executive functioning. One important debate in the literature is whether domain-
general executive functioning drives reading comprehension or whether its executive 
functioning in the language domain (i.e. domain-specific executive functions) that is 
important for reading comprehension development.
This debate is largely based on findings that the contribution of working memory is more 
profound in verbal working memory tasks than in non-verbal working memory tasks. 
Additionally, it has been shown that working memory tasks that mainly tap into semantic 
processing are better predictors of reading comprehension than tasks that tasks that 
mainly tap into phonological processing, suggesting that domain-specificity influences 
the relation between verbal working memory and reading comprehension (Daneman 
& Merikle, 1996). Similarly, research including children with reading comprehension 
difficulties demonstrated that, rather than the recall of phonological information, these 
children have deficiencies in the recall of semantic information (Nation, Adams, Bowyer-
Crane, & Snowling, 1999; Nation & Snowling, 1998), which suggests that domain-
specificity also influences the relation between storage and reading comprehension. 
The current dissertation supports these findings. Chapter 4 demonstrated that both 
semantic storage and working memory measures accounted for individual differences 
in reading comprehension, while the phonological storage and working measures did 
not. Additionally, Chapter 5 extended these findings by demonstrating the importance 
of domain-specific executive functioning in reading comprehension development. More 
specifically, the results of this chapter demonstrate that the ability to retrieve semantic 
information accounts for individual differences in reading comprehension development, 
only when retrieval occurs along the lines of the hierarchical organization of the 
semantic network. Processes involved in the retrieval of semantic information in contrast 
to the hierarchical organization of the semantic network, which therefore are more 
strategic based, do not account for individual differences in reading comprehension 
development. In short, together these studies show that storage, working memory and 
retrieval measures are better predictors of reading comprehension performance when 
they tap into semantic storage and processing than when these measures mainly tap 
into domain-general storage processing. However, this does not mean that domain-
general executive functions are not important for reading comprehension. As shown 
in the current dissertation, domain-general cognitive flexibility and planning accounted 
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for individual differences in reading comprehension, even after controlling for semantic 
working memory. 
A developmental perspective of reading comprehension
The acquisition of reading comprehension is a complex process, which requires the 
use of multiple linguistic and cognitive skills along its developmental trajectory. The 
focus of reading education in the lower primary grades lies mainly on decoding and 
comprehending words in the context of simple sentences or texts. However, across 
grades one through four, decoding skills develop and gradually become automatic 
and as a result, advanced readers in the upper grades of primary school have more 
resources available to process the meaning of a text (Perfetti, 1998; Samuels & Flor, 
1997; Tunmer & Hoover, 1992). This is reflected in the results of the current dissertation. 
Although it is demonstrated in several chapters that decoding is needed for reading 
comprehension, Chapter 5 shows that decoding does not contribute to reading 
comprehension development in the upper primary grades, when the autoregressor 
of reading comprehension is taken into account. Instead, the results demonstrate that 
semantic representations and controlled semantic processing become important for 
reading comprehension development in the upper primary grades. 
These findings fit well with Perfetti and Stafura’s Reading Systems Framework (2014), 
which proposes that reading comprehension depends on declarative knowledge and the 
ability to use this knowledge for higher-level comprehension processes within a cognitive 
system with limited capacity. It appears that when children have established a basis of 
declarative knowledge (such as automatic decoding and basic vocabulary knowledge), 
they can use the newly available cognitive resources to turn this declarative knowledge 
into procedural knowledge. Moreover this behavioral development is consistent with the 
development seen in neuropsychological studies, which shows that executive functions 
develop throughout childhood and well into adulthood, alongside the maturation of 
the prefrontal cortex, which is activated during executive functioning. More specifically, 
neuropsychological studies have demonstrated that during preadolescence (e.g., 10 
to 13 years old), children display major increases in verbal working memory (Brocki & 
Bohlin, 2004) response inhibition (Klimkeit, Mattingley, Sheppard, Farrow, & Bradshaw, 
2004) cognitive flexibility and planning (Luciana & Nelson, 2002).
The role of executive functioning in reading comprehension revisited
The findings of the current dissertation highlight the importance of executive 
functioning in children’s reading comprehension in the upper grades of primary school. 
The results have several theoretical implications, which concern commonly addressed 
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reading comprehension models, namely the simple view of reading (Hoover & Gough, 
1990) and the lexical quality hypothesis (Perfetti & Hart, 2002) and the Reading Systems 
Framework (Perfetti & Stafura, 2014).
Throughout the chapters, it has been demonstrated that executive functioning facilitate 
reading comprehension in several ways. Firstly, in addition to decoding and linguistic 
comprehension, executive functions such as working memory, cognitive flexibility and 
planning aid in the establishment of a coherent text representation. When regarding 
the simple view of reading, which proposes that reading comprehension is the product 
of decoding and linguistic comprehension, the results of the present dissertation 
indicate that this model can be extended, by adding a direct contribution of executive 
functioning to reading comprehension. Of course, linguistic comprehension includes 
more facets than linguistic representations, such as inference making and verbal 
reasoning (Perfetti, Landi, & Oakhill, 2005; Verhoeven & Perfetti, 2008). These higher-
level comprehension skills could possibly be mediating the relation between executive 
functioning and reading comprehension. However, similarly to the present dissertation, 
Cain, Bryant and Oakhill (2004) have shown that working memory contributed to 
reading comprehension in 8, 9 and 11 year olds while taking decoding, vocabulary size 
and comprehension processes such as inference making, comprehension monitoring 
and knowledge of story structure into account. Hence, together these studies support 
the importance of executive functions in addition to the underlying components of the 
simple view of reading.
Furthermore, the present dissertation demonstrated that executive functioning facilitates 
underlying processes that are needed for reading comprehension, such as the ability to 
decode and the ability to retrieve semantic information from the mental lexicon. The 
results question the proposal made by the lexical quality hypothesis (Perfetti & Hart, 
2002). According to this paradigm, it is the quality of the semantic representations in 
the mental lexicon that influence the efficiency of retrieval. High-quality representations 
lead to an efficient retrieval (i.e. needing few other resources such attention and working 
memory), which in turn facilitates reading comprehension (Perfetti, 2007), while low-
quality representations lead to a less efficient retrieval. However, Chapter 5 of the current 
dissertation indicated that semantic retrieval processes are guided by domain-specific 
controlled processing (i.e. executive functioning). This either suggests that controlled 
processing is important for retrieval in addition to the storage of representations, or 
that, at least in grade 5, children are still developing their semantic network and retrieval 
is not yet automatized. Future work should further investigate the relation between 
controlled semantic retrieval and reading comprehension development. 
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Overall, our findings are consistent with Perfetti and Stafura’s Reading Systems 
Framework (2014), which emphasizes that, in addition to declarative knowledge and 
higher-level comprehension processes, executive functioning is required for reading 
comprehension to aid in specific reading processes. The present dissertation supports 
and extends this view by providing insight into which executive functions are addressed 
when carrying out specific reading processes. Our findings are also consistent with 
the neurobiological-based Memory, Unification and Control framework of language 
by Hagoort (2005). This model proposes that language processing is facilitated by 
three main functional components, namely the Memory, Unification and Control 
component. The Memory component reflects the storage of linguistic information 
(including phonological, morphological, syntactic and semantic information) and general 
knowledge in long-term memory. The findings in this dissertation support this notion as 
phonological, syntactic and semantic representations accounted for individual differences 
in reading comprehension. The Unification component reflects the integration of 
retrieved semantic and syntactic information with incoming text representations into 
novel and complex meanings and involves the left inferior frontal gyrus (Broca’s area). 
The Control component reflects attention control and includes managing limitations 
in cognitive resources and aids in more specific processes such as the retrieval of 
context-appropriate word meanings. When applying the results of the present study 
to the Memory, Unification and Control framework of language, it can be suggested 
that Control components such as working memory, cognitive flexibility, planning and 
controlled semantic retrieval aid in Unification. To summarize, the findings of the current 
study provide insight into existing reading comprehension models, and moreover, invite 
possibilities for extending these models or further investigate the relation between 
these models and executive functioning.
Limitations and future directions
The current dissertation includes several limitations that are important to acknowledge, 
as they may provide directions for future research. 
One limitation lies in the operationalization of executive functioning. Executive 
functioning is a broad term, which may be operationalized in different ways. In the 
present dissertation, it was decided to look at working memory, the executive functions 
described by Miyake, Friedman, Emerson, Witzki, and Howerte (2000) and a higher-
level executive function (i.e. planning), which is common practice in the reading 
comprehension literature. However, other less clearly defined executive functions 
may also contribute to reading comprehension development, which for example was 
demonstrated in Chapter 5, which indicated that controlled semantic retrieval accounts 
for individual differences in reading comprehension development.
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Moreover, although inhibition is presented as a general mechanism, it is generally 
accepted that inhibition reflects as a family of functions including the ability to suppress 
automatic responses, to suppress irrelevant information and the ability to remove 
outdated information in order to help maintaining relevant stimuli in working memory 
(Friedman & Miyake, 2004). The current dissertation showed that, rather than a direct 
contribution, the suppression of automatic responses indirectly contributed to reading 
comprehension, by accounting for individual differences in decoding. Others have 
proposed that is the ability to remove outdated information from working memory 
that is directly relevant for reading comprehension (Arrington et al., 2014; Borella et 
al., 2010; Cain, 2006) However, regarding the specific nature of this type of inhibition, it 
appears that this relation between inhibition and reading comprehension is mediated 
by working memory. Future work should clarify the specific nature of the contribution 
of inhibition to reading comprehension, by examining the role of different types of 
inhibition in different aspects of reading comprehension.
Another point of relevance regarding the operationalization of executive functions is the 
role of domain-specificity. The studies described in the present dissertation demonstrate 
that storage, working memory and retrieval measures are better predictors of reading 
comprehension performance when they tap into semantic storage and processing than 
when these measure mainly tap into domain-general storage processing. Although 
there is some indication that domain-specific cognitive flexibility (Cartwright, 2002; 
Cartwright, Marshall, Dandy, & Isaac, 2010) and planning (comprehension monitoring; 
Oakhill & Cain, 2012) account for individual differences in reading comprehension, 
it is of yet unclear whether the domain-specific aspects tapped by used measures 
have any impact on the contribution of cognitive flexibility and planning to reading 
comprehension.
Lastly, in general the findings presented in the current dissertation await replication in 
follow-up studies, which would benefit from inclusion of multiple measures to reflect 
single constructs that are either carefully matched and/or vary on the continuums of 
both phonological and semantic contributions as well on storage and processing. 
Implications for education
The findings of the current dissertation may provide useful guidelines for educational 
professionals, concerning teaching and assessment methods, and interventions 
programs for children with reading comprehension difficulties. 
Primary education places great emphasis on getting children to acquire a proficient level 
of reading comprehension. The current dissertation affirms that reading comprehension 
is the end result of a complex integration of multiple skills, and may therefore be 
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difficult to acquire for some children. When regarding teaching reading comprehension, 
educational professionals should not only take into account the decoding and linguistic 
comprehension skills children bring into the classroom, but their executive functions as 
well. Moreover, teachers should be aware that the relative contribution of decoding, 
linguistic comprehension and executive functions to reading comprehension changes 
over the course of primary school. More specifically, the contribution of executive 
functioning to reading comprehension becomes specifically important at the end of 
the upper grades. However, the literature suggests that children first need to form a 
solid basis in decoding in order to free up cognitive resources needed for executive 
functioning (Perfetti, 1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992). Moreover, 
establishing a sufficient level of vocabulary knowledge is essential as executive functions 
that mainly tap into semantic processing appear to better predictors of reading 
comprehension than those that mainly tap into phonological processing. This latter 
finding implies that children will benefit more from teaching methods for reading 
comprehension that apply executive functioning skills in a language domain (e.g., 
teaching children how to connect and categorize concepts within a story) than in a 
domain other than language.
The findings of the current dissertation may also be applicable to the assessment 
of children with reading comprehension difficulties. First and foremost, the current 
dissertation demonstrates that reading comprehension difficulties may have many 
different causes. Moreover, it stresses the need to look at very specific deficits. For 
example, reading comprehension difficulties have been commonly attributed to 
deficiencies in working memory (Cain, 2006). Working memory deficiencies may 
however have several causes. Deficiencies may reside in a general processing capability 
or may be due to specific deficiencies in inhibition or cognitive flexibility. Moreover, 
rather than processing, difficulties with working memory may be the result of difficulty 
in the storage of semantic information. A low semantic storage capacity will result 
in a failure to integrate semantic representations, which in turn may lead to reading 
comprehension problems (Haarmann, Just & Carpenter, 1997; Martin, 2015). 
Furthermore, deficiencies in working may result in problems in higher level executive 
function that build up on working memory, such as planning. This is important as great 
emphasis is placed on planning in the reading comprehension curriculum by teaching 
reading strategies, such as reading titles, monitoring comprehension and summarizing. 
These strategies can be seen as a form of planning as they help the reader to 
consciously work to the end-goal, which is comprehension of the text in front of them. 
Although these methods have been shown to be affective for reading comprehension 
(Graesser, 2007) educational professionals should take into consideration that if children 
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experience difficulties in working memory, or any other core executive function (i.e. 
inhibition and cognitive flexibility), planning may be difficult for them as well. 
So far, intervention programs regarding executive functions have mainly focused on 
training. These training programs, such as the well-known CogMed (2011), propose to 
lead to long-term improvements in working memory, which in turn increases cognitive 
performance in other tasks. However, scientific studies have not been able to consistently 
back up these claims. A meta-analysis including multiple training programs found that 
working memory training programs result only in near-transfer effects, meaning that 
these effects are not transferable to other domains (e.g., from visual working memory 
to verbal working memory) and are only present in highly similar tasks. Additionally, 
there is no convincing evidence of any long-term effects (Melby-Lervag & Hulme, 2012). 
Together, these results suggest that reading comprehension curricula would not benefit 
from such training interventions. Instead, children will benefit most from a program that 
focuses on the use of domain-specific executive functioning throughout the curriculum 
and not on just one given time point.
Conclusion
The current dissertation highlights the importance of executive functioning in children’s 
reading comprehension in the upper primary grades of primary school. Not only do 
executive functions facilitate global text comprehension, they also support underlying 
processes of reading, namely, decoding and retrieval of semantic information from 
the mental lexicon. Furthermore, by using longitudinal data, it was demonstrated that 
executive functions are important for reading comprehension development in the 
upper primary grades. Hence, it is therefore suggested that in addition to focusing 
on decoding and developing semantic representations, primary education in the 
upper grades should focus on executive functioning throughout the curriculum. More 
specifically, it is advised to focus on executive functioning in a domain-specific language 
environment, as this has proved to be a stronger predictor of reading comprehension 
than domain-general executive functioning. 
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Begrijpend lezen is de vaardigheid om een geschreven tekst te kunnen begrijpen. 
Deze vaardigheid is nodig voor het verwerven van nieuwe kennis en heeft daardoor 
een grote invloed op de schoolcarrière van het kind (Kintsch, 1998). Het is daarom van 
essentieel belang dat kinderen een voldoende niveau van begrijpend lezen ontwikkelen. 
Begrijpend lezen is het resultaat van een complexe samenwerking van verschillende 
onderliggende taalvaardigheden en executieve functies (e.g., Cutting, Materek, Colé, 
Levine, & Mahone, 2009; Kieffer, Vukovic, & Berry, 2013; Sesma, Mahone, Levine, Eason, 
& Cutting, 2009). Voorbeelden van taalvaardigheden zijn het koppelen van klanken aan 
letters (i.e. decoderen) en het toekennen van betekenissen aan woorden. Executieve 
functies zijn mentale processen die de uitvoering van taken en activiteiten ondersteunen 
en aansturen, zodat deze doelgericht en efficiënt uitgevoerd kunnen worden. Kijkend 
naar begrijpend lezen, helpen executieve functies bijvoorbeeld bij het terughalen van 
woordbetekenissen uit het mentale lexicon (ook wel het woordenboek van het brein 
genoemd), het samenvoegen van eerder gelezen informatie met nieuwe informatie, het 
toepassen van leesstrategieën en het snel en makkelijk kunnen wisselen tussen deze 
taken. 
Er wordt verondersteld dat de rol van executieve functies in lezen toeneemt wanneer 
de focus van het basisonderwijs verschuift van het ‘leren lezen’ naar het ‘lezen om te 
leren’, ofwel het begrijpend lezen (Chall, 1983). In tegenstelling tot de onderbouw, 
waar kinderen voornamelijk losse woorden of simpele zinnen lezen, lezen kinderen in 
de bovenbouw langere en complexere teksten. Hierdoor wordt er een groter beroep 
gedaan op hun taalvaardigheden (Bast & Reitsma, 1998; Catts, Hogan, & Adolf, 2005; 
Verhoeven & van Leeuwe, 2008) en executief functioneren (e.g., Cunningham, Stanovich, 
& Wilson, 1990; Perfetti, 1985).  
Hoewel eerder onderzoek veelvuldig heeft aangetoond dat taalvaardigheden bijdragen 
aan de ontwikkeling van begrijpend lezen (de Jong & van der Leij, 2002; Goff, Pratt, & 
Ong, 2005; Nation & Snowling, 2004; Oakhill, Cain, & Bryant, 2003; Verhoeven & van 
Leeuwe, 2008), is er relatief weinig bekend over de bijdrage van executieve functies aan 
de ontwikkeling van begrijpend lezen. Het doel van dit proefschrift was daarom om 
meer inzicht te krijgen in de relatie tussen executieve functies en de ontwikkeling van 
begrijpend lezen bij kinderen in de bovenbouw van de basisschool. 
Hoe executieve functies bijdragen aan begrijpend lezen 
In dit proefschrift werd gekeken naar de rol van verschillende executieve functies in 
begrijpend lezen. Deze executieve functies includeerden het werkgeheugen, cognitieve 
flexibiliteit, inhibitie, planning en het ophalen van informatie uit het mentale lexicon. Het 
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werkgeheugen, cognitieve flexibiliteit en inhibitie worden als de drie basis executieve 
functies gezien (Diamond, 2013). Planning wordt gedefinieerd als een ‘hogere-orde’ 
executieve functie, die voortbouwt op de drie basis executieve functies werkgeheugen, 
inhibitie en cognitieve flexibiliteit.  
In voorgaand onderzoek is de relatie tussen het werkgeheugen en begrijpend lezen 
herhaaldelijk aangetoond. Het werkgeheugen is een mechanisme in het brein dat 
informatie tijdelijk kan vasthouden en dat tegelijkertijd informatie kan verwerken. Het 
werkgeheugen draagt bij aan begrijpend lezen door opgeslagen representaties (e.g., 
eerder gelezen woorden of kennis van het onderwerp) te integreren met nieuwe 
informatie (Baddeley & Hitch, 1974; Daneman & Carpenter, 1980). Op deze manier 
worden zinnen en paragrafen aan elkaar gekoppeld. De bevindingen van het huidige 
proefschrift sluiten hierbij aan. De resultaten in Hoofdstukken 2, 3 en 4 lieten namelijk 
zien dat, naast decoderen, woordenschat en grammaticale kennis, het werkgeheugen 
een direct verband heeft met begrijpend lezen. Tevens toonde Hoofdstuk 2 een indirect 
verband aan: Verschillen in het werkgeheugen van kinderen leidden tot verschillen in 
hun decodeervaardigheden, wat vervolgens de verschillen in individuele prestaties op 
begrijpend lezen verklaarde.  
Het werkgeheugen wordt frequent gemeten met een geïntegreerde taak, dat wil 
zeggen, een taak waarbij zowel de opslag van informatie als de verwerkingsvaardigheden 
worden gemeten. Hierdoor is het onduidelijk wat de unieke bijdrage is van enerzijds het 
kunnen onthouden van informatie en anderzijds het kunnen verwerken van informatie 
aan individuele verschillen in begrijpend lezen. In Hoofdstuk 4 is daarom onderzocht 
wat de unieke rol is van opslagcapaciteit in begrijpend lezen. Tijdens het lezen worden 
er verschillende soorten informatie opgeslagen, zoals klanken overeenkomstig met de 
gelezen letters (i.e. fonologische opslag) en de betekenis van woorden (semantische 
opslag). Uit de resultaten van dit proefschrift bleek dat de mate waarin kinderen in de 
bovenbouw semantische informatie kunnen opslaan, invloed heeft op hun prestaties 
op begrijpend lezen, in tegenstelling tot fonologische opslag. Semantische opslag is 
nodig om net gelezen woorden actief in het geheugen te houden totdat ze gekoppeld 
kunnen worden aan nieuwe informatie (Daneman & Merikle, 1996). Hoofdstuk 4 toonde 
aan dat de bijdrage van semantische opslag aan begrijpend lezen indirect is. Met 
andere woorden, een hogere semantische opslagcapaciteit leidt tot een betere prestatie 
van het semantisch werkgeheugen, wat vervolgens leidt tot een betere prestatie op 
begrijpend lezen. Kortom, Hoofdstuk 4 toonde aan dat zowel de opslag als verwerking 
van semantische informatie belangrijk zijn voor begrijpend lezen bij kinderen in de 
bovenbouw van de basisschool. 
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In hoofdstukken 2 en 3 is gekeken naar de unieke bijdrage van verwerkingsprocessen 
aan begrijpend lezen. Naast taalvaardigden en het werkgeheugen bleken cognitieve 
flexibiliteit en planning individuele verschillen in begrijpend lezen te verklaren. Cognitieve 
flexibiliteit is de vaardigheid om te kunnen wisselen tussen taken of van aanpak te 
wisselen (Anderson, 2002; Diamond, 2013). Cognitieve flexibiliteit faciliteert verschillende 
leesprocessen, zoals het verwerken van zowel fonologische als semantische informatie 
tijdens het lezen van een woord (Cartwright, 2009), het aanpassen van bestaande 
tekstrepresentaties naar nieuwe tekstrepresentaties (Diamond, 2013), of het veranderen 
van leesstrategieën op basis van het leesdoel of de moeilijkheid van de taak (Ramsel & 
Grabe, 1983). Uit Hoofdstuk 3 bleek bovendien dat cognitieve flexibiliteit een indirecte 
bijdrage levert aan begrijpend lezen, via het werkgeheugen. Dit is in overeenstemming 
met de hypothese dat het efficiënt kunnen wisselen tussen taken zou bijdragen aan het 
gelijktijdig opslaan en verwerken van informatie (Towse, Hitch, & Hutton, 2002).  
Planning is het kunnen beslissen welke stappen of acties er uitgevoerd moeten 
worden om zo efficiënt mogelijk een doel te bereiken (Cartwright, 2009; Diamond, 
2013). Goede planners gaan regelmatig na of hun begrip van de tekst correct is en 
passen, wanneer nodig, hun leesstrategieën aan (Cartwright, 2015). In Hoofdstuk 3 is 
geen bewijs gevonden voor de relatie tussen planning en begrijpend lezen. De relatie 
tussen planning en begrijpend lezen zou sterker kunnen worden naarmate kinderen 
ouder worden, wanneer de basis executieve functies verder ontwikkeld zijn. Dit zou 
overeenkomen met de resultaten van voorgaande studies die wel een bijdrage laten 
zien van planning aan begrijpend lezen in iets oudere kinderen (Cutting, et al., 2009; 
Sesma et al., 2009). Dit zou tevens passen bij de resultaten die gevonden zijn in 
Hoofdstuk 2, waaruit bleek dat verschillen in planning, gemeten in groep 6, leidden tot 
verschillen in begrijpend lezen, gemeten in groep 7. 
De resultaten in Hoofdstuk 2 lieten zien dat prepotent response inhibitie—de 
vaardigheid om automatische reacties te kunnen onderdrukken (Friedman & Miyake, 
2004)—, variatie verklaart in decoderen. Dit is in overeenstemming met de resultaten 
van voorgaande studies (Altemeier, Abbott, & Berninger, 2008; Arrington, Kulesz, 
Francis, Fletcher, & Barnes, 2014). Er wordt verondersteld dat inhibitiemechanismes 
het decoderen faciliteren door afleidende factoren te onderdrukken (Arrington et al., 
2014). Voorbeelden van afleidende factoren zijn homofonen (twee of meer woorden 
opgebouwd uit dezelfde klanken, zoals ijs en eis) of homoniemen (twee woorden die 
hetzelfde zijn geschreven, maar verschillen in betekenis, zoals arm: lichaamsdeel/niet 
rijk), Gebaseerd op de resultaten in Hoofdstukken 2 en 3 van het huidige proefschrift en 
voorgaande studies, (Borella, Carretti, & Pelegrina, 2010; Christopher, Miyake, Keenan, 
Pennington, De Fries, Wadsworth et al., 2012), blijkt dat prepotent response inhibitie 
niet direct betrokken is bij begrijpend lezen. Andere onderzoekers veronderstellen 
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dat andere typen inhibitie belangrijk zijn voor begrijpend lezen (Arrington et al., 
2014), zoals het onderdrukken van niet–relevante informatie of het verwijderen van 
verouderde informatie uit het werkgeheugen (Friedman & Miyake, 2004). Echter, dit 
type inhibitie ligt dicht tegen het werkgeheugenconcept aan (Friedman & Miyake, 
2004) en suggereert dat het werkgeheugen de relatie tussen inhibitie en begrijpend 
lezen medieert. Hoofdstuk 3 ondersteunt deze veronderstelling, aangezien inhibitie een 
marginale significante bijdrage had aan het werkgeheugen.  
Tot slot werd in Hoofdstuk 5 de rol van executieve functies in de ontwikkeling van 
begrijpend lezen onderzocht. Hoofdstuk 5 toonde aan dat de vaardigheid in het 
ophalen van semantische informatie uit het mentale lexicon bijdraagt aan individuele 
verschillen in de ontwikkeling van begrijpend lezen. Echter, dit bleek alleen te gelden 
voor processen die betrokken zijn bij het ophalen van informatie, wanneer de direct 
beschikbare woorden in het mentale lexicon zijn uitgeput (i.e. gestuurde processen). 
Deze ophaalprocessen zijn in een grotere mate afhankelijk van het executief functioneren 
(Crowe, 1998; Hurks et al., 2006), dan de ophaalprocessen die betrokken zijn bij het 
ophalen van direct beschikbare woorden (i.e. automatische processen). 
Kortom, de studies in dit proefschrift laten zien dat de prestaties op begrijpend lezen 
in de bovenbouw van de basisschool, naast taalvaardigheden, afhankelijk zijn van het 
executief functioneren van kinderen. De executieve functies die een directie invloed 
hebben op begrijpend lezen zijn het werkgeheugen, cognitieve flexibiliteit, planning 
en ophaalprocessen. Tevens blijkt dat de opslag van semantische informatie, inhibitie, 
cognitieve flexibiliteit en het werkgeheugen een indirecte bijdrage leveren aan 
begrijpend lezen via andere onderliggende processen.
Executief functioneren in het taaldomein
Een belangrijk component voor begrijpend lezen is de vaardigheid om betekenisvolle 
relaties te leggen tussen woorden, zinnen en paragrafen om zo uiteindelijk een correcte 
representatie van de gehele tekst te vormen (Kintsch, 1998). Hiervoor is een voldoende 
basis van taalvaardigheden en executief functioneren essentieel.  
Een belangrijke discussie in de literatuur is de vraag of begrijpend lezen alleen 
beïnvloed wordt door executieve functies die gemeten zijn in het taaldomein, of 
ook door executieve functies die gemeten zijn in andere domeinen (bijvoorbeeld 
het visuele domein). Deze discussie is grotendeels gebaseerd op eerder onderzoek, 
dat laat zien dat wanneer werkgeheugen is gemeten in het taaldomein, een grotere 
bijdrage levert aan begrijpend lezen prestaties dan wanneer het gemeten is in een 
niet-talig domein. Tevens is aangetoond dat werkgeheugentaken die voornamelijk 
semantische verwerking meten betere voorspellers zijn van begrijpend lezen dan taken 
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die voornamelijk het verwerken van fonologische informatie meten. Dit suggereert dat 
taal-specifieke processen de relatie tussen het werkgeheugen en begrijpend lezen 
beïnvloeden (Daneman & Merikle, 1996). Studies betreffende kinderen met begrijpend 
lezen problemen laten vergelijkbare resultaten zien. In tegenstelling tot het onthouden 
van fonologische informatie, hebben deze kinderen problemen met het onthouden 
van semantische informatie (Nation, Adams, Bowyer-Crane, & Snowling, 1999; Nation 
& Snowling, 1998). Dit suggereert dat domein-specificiteit de relatie tussen opslag van 
informatie en begrijpend lezen beïnvloedt. Het huidige proefschrift bevestigt deze 
hypothese. In Hoofdstuk 4 is immers aangetoond dat zowel de opslag van semantische 
informatie als het semantisch werkgeheugen (opslag en verwerking) individuele 
verschillen in begrijpend lezen verklaarden, in tegenstelling tot de fonologische opslag 
en werkgeheugen maten, die geen bijdrage leverden. Bovendien breidt Hoofdstuk 
5 deze bevindingen uit door aan te tonen dat executief functioneren binnen het 
taaldomein bijdraagt aan de ontwikkeling van begrijpend lezen. Specifiek laat dit 
hoofdstuk zien dat de verschillen in de vaardigheid in het ophalen van semantische 
informatie uit het mentale lexicon bijdragen aan verschillen in het begrijpend lezen 
niveau. Dit geldt echter alleen wanneer het ophaalproces overeenstemmend is met 
de organisatie van het semantische netwerk van het mentale lexicon. Ophaalprocessen 
die in strijd zijn met de organisatie van het semantische netwerk, en daardoor meer 
afhankelijk zijn van strategische processen (i.e. executief functioneren), dragen niet bij 
aan verschillen in begrijpend lezen. 
Samenvattend laten deze studies zien dat opslag, het werkgeheugen en het ophalen 
van informatie uit het geheugen betere voorspellers zijn van het begrijpend lezen 
niveau wanneer de taken semantische opslag en verwerking meten dan wanneer ze 
fonologische opslag en verwerking meten. Dit betekent echter niet dat executieve 
functies gemeten in een niet-talig domein niet belangrijk zijn voor begrijpend lezen. 
Zoals in het huidige proefschrift is aangetoond, dragen zowel non-verbale cognitieve 
flexibiliteit als non-verbale planning bij aan individuele verschillen in begrijpend lezen, 
zelfs naast de bijdrage van het semantisch werkgeheugen aan begrijpend lezen.
De ontwikkeling van begrijpend lezen
Begrijpend lezen is een complex proces dat, afhankelijk van de fase van ontwikkeling, 
verschillende linguïstische en cognitieve vaardigheden vereist. De focus van het 
leesonderwijs in de onderbouw van de basisschool ligt voornamelijk op het decoderen 
en begrijpen van woorden in een eenvoudige context. In deze vier jaar verloopt het 
decoderen geleidelijk meer automatisch. Als gevolg zijn er voor de ervaren lezers in 
de bovenbouw meer mentale bronnen beschikbaar om de betekenis van een tekst 
te verwerken (Perfetti, 1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992). Dit wordt 
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ondersteund door de resultaten van dit proefschrift. Hoewel meerdere hoofdstukken 
lieten zien dat decodeervaardigheden essentieel zijn voor begrijpend lezen, gaf 
Hoofdstuk 5 weer dat decodeervaardigheden niet bijdragen aan de begrijpend lezen 
ontwikkeling in de bovenbouw van de basisschool. In plaats daarvan toonde resultaten 
aan dat in de bovenbouw van de basisschool semantische representaties en gestuurde 
semantische verwerking belangrijk worden voor de ontwikkeling van begrijpend lezen. 
Deze bevindingen sluiten aan bij het ‘Reading Systems Framework’, een theoretisch 
kader geschetst door Perfetti en Stafura (2014). Volgens het Reading System 
Framework is begrijpend lezen afhankelijk van declaratieve kennis (i.e., feitenkennis, 
zoals kennis van letters en de betekenis van woorden) en de vaardigheid om deze 
kennis te gebruiken voor hogere-level begripsprocessen in een cognitief systeem 
met een beperkte capaciteit. Hoe sterker de declaratieve kennis, hoe meer ruimte er 
is voor andere processen in het cognitief systeem. Kijkend naar Hoofdstuk 5 zou dit 
betekenen dat de automatisering van het decoderen, wat plaatsvindt in de onderbouw 
(Perfetti, 1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992), leidt tot meer cognitieve 
capaciteit voor het verwerken van semantische informatie voor begrijpend lezen. De 
resultaten van Hoofdstuk 5 zijn tevens in overeenstemming met de ontwikkeling van 
executieve functies. Neuropsychologische studies laten zien dat executieve functies zich 
tot de volwassenheid ontwikkelen, tegelijkertijd met de ontwikkeling van de prefrontale 
cortex van de hersenen, waar het executief functioneren een beroep op doet. Om 
precies te zijn, neuropsychologische studies hebben aangetoond dat gedurende de 
preadolescentie (i.e. 10 tot 13 jaar oud), kinderen grote veranderingen laten zien in het 
verbale werkgeheugen (Brocki & Bohlin, 2004), response inhibitie (Klimkeit, Mattingley, 
Sheppard, Farrow, & Bradshaw, 2004), cognitieve flexibiliteit en planning (Luciana & 
Nelson, 2002). Dit zou kunnen verklaren waarom executieve functies een grotere rol 
spelen in begrijpend lezen in de bovenbouw dan in de onderbouw van de basisschool.
Implicaties voor het onderwijs 
Het basisschoolonderwijs legt een grote nadruk op het aanleren van begrijpend 
lezen. Het huidige proefschrift laat zien dat begrijpend lezen het resultaat is van een 
complexe integratie van meerdere vaardigheden, waardoor het voor sommige kinderen 
moeilijk kan zijn om een voldoende niveau van begrijpend lezen te ontwikkelen. De 
bevindingen van het huidige proefschrift kunnen mogelijk richtlijnen bieden voor les- 
en assessmentmethodes en voor interventieprogramma’s voor kinderen die problemen 
ervaren met het begrijpend lezen.  
Met betrekking tot lesmethodes wordt onderwijsprofessionals aangeraden niet alleen 
taalvaardigheden van kinderen in acht te nemen, maar ook hun executief functioneren. 
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Daarnaast moeten onderwijsprofessionals zich ervan bewust zijn dat de mate van 
invloed van taalvaardigheden en executief functioneren op begrijpend lezen verandert 
gedurende de basisschool. Zo wordt met name op het einde van de basisschool 
de bijdrage van executieve functies aan individuele verschillen in begrijpend lezen 
belangrijk. Echter, een vereiste is dat kinderen eerst een solide basis vormen in het 
decoderen zodat er cognitieve capaciteit vrij komt voor executief functioneren (Perfetti, 
1998; Samuels & Flor, 1997; Tunmer & Hoover, 1992). Tevens suggereren de resultaten 
van dit proefschrift dat een voldoende basis van woordkennis essentieel is aangezien 
executieve functie taken die voornamelijk semantische verwerking meten, betere 
voorspellers zijn van begrijpend lezen prestaties dan executieve functie taken die 
voornamelijk fonologische verwerking meten. Daarnaast kan op basis van de resultaten 
verondersteld worden dat kinderen meer profijt zullen hebben van begrijpend lezen 
methodes die executief functioneren in het taaldomein inzetten (e.g., kinderen leren om 
concepten te categoriseren en verbinden in een verhaal) dan lesmethodes die focussen 
op executief functioneren in een niet-talig domein.  
De bevindingen van het huidige proefschrift kunnen mogelijk ingezet worden in de 
assessment van kinderen die problemen ervaren met begrijpend lezen. De resultaten 
laten zien dat problemen met begrijpend lezen verschillende oorzaken kunnen 
hebben. Bovendien benadrukken de resultaten de noodzakelijkheid om te kijken naar 
zeer specifieke onderliggende problemen. Zo worden problemen met begrijpend 
lezen regelmatig toegeschreven aan problemen met het werkgeheugen (Cain, 2006). 
Echter, problemen in het werkgeheugen kunnen verschillende oorzaken hebben, zoals 
algemene verwerkingsproblemen of specifieke problemen met het inhiberen van 
informatie of cognitieve flexibiliteit. Tevens kunnen werkgeheugenproblemen duiden op 
problemen in het opslaan van semantische informatie in plaats van de verwerking ervan. 
Een lage semantische opslagcapaciteit kan leiden tot het niet kunnen integreren van 
semantische representaties, wat uiteindelijk kan leiden tot problemen in het begrijpend 
lezen (Haarmann, Just & Carpenter, 1997; Martin, 2015).  
Problemen met het werkgeheugen kunnen resulteren in problemen met ‘hogere level’ 
executief functioneren, zoals de vaardigheid om te plannen. Dit is van groot belang 
omdat in het huidige onderwijs veel nadruk wordt gelegd op het aanleren van lees-
strategieën (leesstrategieën aan elkaar) zoals het lezen van titels, het monitoren en 
samenvatten. Aangezien deze strategieën de lezer helpen om bewust en effectief hun 
doel te bereiken (het begrijpen van de tekst) kan dit als een vorm van plannen worden 
gezien. Hoewel is aangetoond dat planningsvaardigheden een positief effect hebben 
op het begrijpend lezen (Graesser, 2007), zouden professionals in het onderwijs zich 
ervan bewust moeten zijn dat kinderen die problemen hebben met het werkgeheugen 
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of andere basis executieve functies (i.e., inhibitie en cognitieve flexibiliteit), mogelijk ook 
moeite hebben met planningsvaardigheden. 
Interventieprogramma’s betreffende executieve functies richten zich veelal op training. 
Deze trainingsprogramma’s, zoals het bekende CogMed (2011), worden verondersteld te 
leiden tot langdurige verbeteringen in het werkgeheugen, wat een algehele verbetering 
in executief functioneren tot gevolg heeft. Echter wetenschappelijk onderzoek heeft 
tot nu toe geen consistente resultaten laten zien die deze aannames ondersteunen. 
Een meta-analyse waarin meerdere trainingsprogramma’s geïncludeerd waren, vond 
dat trainingsprogramma’s gericht op het werkgeheugen alleen ‘near-transfer effects’ 
opleveren, wat betekent dat de effecten van de training alleen zichtbaar waren in zeer 
vergelijkbare taken in eenzelfde domein. Zo werden trainingseffecten in het visuele 
werkgeheugen niet terug gevonden in het verbale werkgeheugen. Tevens is er geen 
overtuigend bewijs voor langetermijneffecten (Melby-Lervag & Hulme, 2012). Tezamen 
suggereren deze resultaten dat het begrijpend lezen onderwijs geen profijt heeft van 
dit type trainingsinterventies. In plaats daarvan zijn de kinderen meer gebaat bij een 
methode waarbij de focus ligt op het gebruik van executief functioneren binnen het 
taaldomein gedurende het gehele curriculum.
Conclusie
Het huidige proefschrift toont het belang aan van executief functioneren voor het 
begrijpend lezen van kinderen in de bovenbouw van de basisschool. Executieve functies 
zijn niet alleen belangrijk voor het globale tekstbegrip. Executieve functies ondersteunen 
ook onderliggende processen zoals het decoderen en het ophalen van semantische 
informatie uit het mentale lexicon. Daarnaast is in het huidige proefschrift aangetoond 
dat executieve functies belangrijk zijn voor de ontwikkeling van begrijpend lezen in de 
bovenbouw van de basisschool. Gebaseerd op de resultaten wordt aangeraden om 
naast het decoderen en het ontwikkelen van semantische representaties, de focus van 
het onderwijs in de bovenbouw te leggen op het executief functioneren, met name 
binnen het taaldomein.
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DANKWOORD
Dit proefschrift is het tastbare resultaat van mijn promotietraject: Een bijzondere en 
zeer leerzame periode van vijf jaar, waarin ik veel ervaringen heb opgedaan en mij 
op zowel wetenschappelijk als persoonlijk vlak heb kunnen ontwikkelen. In het laatste 
deel van dit proefschrift wil ik graag diegenen bedanken die mij in deze ontwikkeling 
hebben ondersteund, en daardoor een belangrijke bijdrage hebben gehad in de 
totstandkoming van dit proefschrift.
Allereerst gaat mijn dank uit naar mijn promotor Ludo Verhoeven en copromotor 
Margriet Groen. Dankzij jullie heb ik kunnen werken aan dit mooie onderzoeksproject, 
dat precies aansloot op mijn twee grootste interesses: psychologie en taalontwikkeling. 
Mede door jullie input is mijn interesse voor het onderwerp alsmaar blijven groeien. 
Tevens hebben jullie inhoudelijke betrokkenheid en toewijding een enorme bijdrage 
geleverd aan mijn ontwikkeling als onderzoeker. Ludo, jouw begeleiding, gekenmerkt 
door een positieve instelling, heb ik als zeer prettig ervaren. Je enthousiasme voor 
het veld is door niemand te evenaren en werkt zeer motiverend. Jouw enorme 
expertise blijkt uit je kritische blik en de vaardigheid om moeiteloos te navigeren door 
verschillende (netwerken van) theorieën op zowel micro- als macroniveau. Hierdoor 
ben je in staat de juiste feedback op het juiste moment te geven, en kon je mij altijd 
de goede richting op wijzen. Naast deze prettige bijeenkomsten zullen zeker ook de 
schrijfweek in de Ardennen en de Summerschool in Egmond in Zee me bijblijven (vooral 
de muzikale intermezzo’s). Dit waren zowel zeer leerzame als leuke momenten. Fijn dat 
ik daar bij mocht zijn! Margriet, als dagelijks begeleider heb je een duidelijke bijdrage 
aan dit proefschrift geleverd. Onze meetings bestonden grotendeels uit inhoudelijke 
discussies waarin je mij, met je scherpe vragen, uitdaagde om kritischer na te denken 
over concepten, verbanden en theorieën. Hoewel dit soms vrij pittig was, vond ik dit 
juist één van de leukste onderdelen van het onderzoek. Ik zal onze meetings zeker 
gaan missen. Ook bood je structuur in mijn gedachtegang, inhibeerde je mijn drang 
om ‘alles te willen verklaren’ en hielp je het doel en het bijpassende proces voor ogen 
te houden. Kortom, je was eigenlijk mijn ‘central executive’ wanneer ik de controle niet 
had. Daarnaast heb je me de afgelopen jaren laten zien hoe ik zelf deze regie kan 
overnemen. Voor dit alles wil ik je graag bedanken. Tijs, jij kwam pas in de laatste fase 
van mijn project in beeld. Desalniettemin heb ik erg veel aan je ondersteuning gehad. 
Natuurlijk was je deskundigheid op het gebied van SEM-analyses onmisbaar, maar je 
werkstijl was precies hetgene wat ik op dat moment nodig had: knopen doorhakken, 
schouders eronder en gaan. En dat met een grote glimlach op je gezicht. Je positiviteit, 
je vertrouwen in mijn resultaten en in mijzelf waren erg prettig. Zonder jou had ik niet 
die laatste benodigde eindsprint kunnen maken en daar ben ik je erg dankbaar voor. 
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Een speciaal woord van dank gaat uit naar de leden van de manuscriptcommissie: 
professor Peter-Arno Coppen, professor Eliane Segers en professor Tamara van Gog. 
Ik wil u hartelijk bedanken voor de tijd en energie die u gestoken heeft in het lezen 
en beoordelen van mijn manuscript. Tevens wil ik gehele promotiecommissie bedanken 
voor het bijwonen van mijn verdediging. Ik kijk ernaar uit om met u van gedachten te 
kunnen wisselen betreffende de inhoud van dit proefschrift.
Er is een aantal mensen met wie ik de afgelopen jaren heb samengewerkt, zonder wie 
het niet mogelijk was geweest om mijn onderzoek uit te voeren. Lanneke en Christel, 
bedankt voor jullie secretariële ondersteuning, maar ook voor het feit dat ik altijd 
even binnen kon lopen voor een gezellig praatje. Een woord van dank voor Ronny en 
Pascal, voor de praktische en technische ondersteuning. Pascal, jij ook bedankt voor 
de gezellige koffiemomenten! Omdat ik zonder data niet dit proefschrift had kunnen 
schrijven, wil ik iedereen bedanken die direct dan wel indirect heeft bijgedragen 
aan de verzameling hiervan. Dit betreft onder andere Diatoetsen: Het bedrijf dat de 
begrijpend lezen toets voor dit onderzoek heeft geleverd. Ook een speciaal woord 
van dank aan Eddy Davelaar voor het warme ontvangst op Birbeck University en de 
uitvoerige gesprekken over de conceptual span task en verbal fluency taken. Ik heb 
hier veel van geleerd. Een belangrijke bijdrage aan de verzameling van de data komt 
natuurlijk van alle scholen die hebben deelgenomen aan het onderzoek. Bedankt voor 
de interesse van zowel directeuren als docenten en de willigheid om mee te werken. 
Dit zorgde ervoor dat het testen soepel en vlot verliep. Met name de leerlingen, die 
elk jaar de vele toetsen hebben ondergaan, verdienen een prominente plek in dit 
dankwoord. Jullie enthousiasme maakte het werk erg leuk! Al deze data had ik niet 
kunnen verzamelen zonder de behulpzame assistenten en studenten die samen met 
mij de scholen hebben bezocht en/of de vele data hebben gecodeerd. Fijn dat jullie 
mij hierbij hebben kunnen helpen. Rachelle, dank je aan jou en de leerlingen van groep 
8, die de ‘dataverzameling’ hebben nagespeeld voor mijn promotiefilmpje! Leuk ook 
dat we, als bijkomstigheid, samen met de andere ‘theeleut’meiden, weer regelmatig 
afspreken.
Een groot deel van mijn dank gaat uit naar al mijn collega’s van de 4e en 5e 
verdieping van het Spinozagebouw, voor zowel hun inhoudelijke bijdrage aan mijn 
promotietraject, als voor hun betrokkenheid en gezelligheid! Die gezelligheid was er 
niet alleen tijdens de lunch en koffiepauzes, maar ook tijdens de PhD- en BSI-dagen, de 
gebarentaalcursus en jaarlijkse uitjes. De herinneringen aan eenmalige gebeurtenissen 
zoals de schrijfweek—met als hoogtepunten de spelletjes (Party-en-co en Scrabble), 
mensen die uit bed vielen van het lachen en mensen die blaren op hun handen kregen 
van het dansen—toveren nog steeds een glimlach op mijn gezicht. Kortom, het was 
een fijne tijd met een leuke groep die ik zeker zal gaan missen. Een aantal collega’s 
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van de ‘oude’ generatie wil ik specifiek bedanken: Arjan, ik heb erg genoten van onze 
koffiemomenten, je dilemma’s en onze briljante, muziekale optredens tijdens de pauzes. 
Leuk dat we nu weer collega’s zijn! Linda, al zag ik je niet heel vaak, onze gesprekken—
voornamelijk in de autoritten naar Utrecht—vond ik altijd erg prettig en erg gezellig! 
Merel, Zandvoort was de beste eendagsvakantie in Nederland ooit! Nice dress btw ;)! 
Nicole de Engel (zoals beloofd!), zonder jou had ik waarschijnlijk nog in Berg en Dal 
gestaan met een lekke fietsband :p. Caressa en Frauke, het was altijd al gezellig in 
Nijmegen, maar ik vind het erg leuk dat ik jullie beter leer kennen nu we samenwerken 
op het Doorbraak Project. Andere collega’s van de ‘oude generatie’ Nathalie, Kim, Roy, 
Neomi, Eva, Evelien, Gesa, Brigitte en Iske, het was altijd gezellig om even met jullie 
bij te kletsen. Jammer dat ik jullie de laatste jaren, door alle drukte, wat minder gezien 
heb. Ook de ‘nieuwe’ generatie AiO’s bracht veel gezelligheid naar de afdeling. Ik wil 
met name de meiden van de Summerschool, Liza, Moniek en Sanne bedanken. Het 
was ‘amazing’! Liza, ik vond het superleuk om met jou onze geslaagde workshop met 
Kate Cain te organiseren.
Dan een aantal mensen dat al heel snel ‘gepromoveerd’ zijn van gezellige collega naar 
goede vriendin. Elise, vijf jaar lang brachten wij onze dagen door op kamer A04.23a. 
Het was een plek waar ik me prettig en op mijn gemak voelde, en die een beetje 
voelde als een ‘tweede thuis’. Dit was mede omdat ik daar met jou zat. Het was fijn 
om te weten dat ik alles met je kon delen, qua werk of privé, of het nu leuk was of 
minder leuk. Daarnaast was het natuurlijk ook erg gezellig :). Ik heb je het jaar dat je in 
Antwerpen zat dan ook erg gemist. Ook ik word altijd blij als ik je weer zie, dus laten 
we snel weer eens afspreken! Karly, ik hou van je grapjes, dat je snapt wat ik bedoel—
zelfs als ik het niet juist uitbeeld (dammen versus schaken) of uitdruk (huishoudelijk 
geweld)—en dat we dezelfde danstaal spreken (put a ring on it Meatloaf!). Naast je 
grapjes en goede gevoel voor communicatie ben je ook nog eens heel wijs. Dank je 
voor alle adviezen die je me de afgelopen jaren gegeven hebt :). Gitta, je haalt het 
creatiefste EN het stoerste in mij naar boven. Door jou durf ik zelfs super schattige 
honden weg te jagen ;)! De vakanties in Sardinië waren geweldig. Hopelijk volgen er 
meer! Lieve (werk)vriendinnetjes, jullie waren de eersten op het werk die ik aansprak 
wanneer me iets dwars zat. Tevens waren jullie de laatsten die mij niet aan het lachen 
zouden kunnen krijgen. Dat waardeer ik enorm.
Tot slot wil ik de mensen bedanken die inhoudelijk weinig met mijn werk te maken 
hebben gehad, maar de afgelopen vijf jaar toch erg belangrijk zijn geweest, namelijk 
mijn vrienden en familie. Ik prijs mezelf gelukkig met dit netwerk van lieve mensen 
om me heen. Bedankt voor de nodige afleiding en ontspanning, en voor jullie 
onvoorwaardelijke steun, in zowel goede als minder goede momenten. Voor alle 
vrienden in Utrecht en omgeving: Fijn dat jullie zo dichtbij wonen, en dat ik jullie op elk 
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moment kan bellen voor een goede kop koffie, een wijntje, een wandeling in het bos 
of andere leuke dingen. Hanneke, allereerst heel erg bedankt voor het ontwerpen van 
de lay-out van mijn proefschrift! Een goed idee EN een goede uitvoering! ;). Bedankt 
ook voor de filmavondjes met thee op de bank, de goede gesprekken, de vele reisjes 
en zoveel meer. Veel te veel om op te schrijven, dus daarom zeg ik: Llama to you 
too :). Iris, de andere VU surfchick. De vakanties, surfdagjes en Kita-avonden waren 
altijd erg ontspannen en gezellig. Jij inspireert me altijd met de leuke, kunstzinnige en 
actieve dingen die je onderneemt. Het lijkt me leuk om binnenkort samen weer iets 
te doen! Lilli, ik vind het altijd erg gezellig om samen wetenschappers te bekritiseren, 
koffie en/of wijntjes te drinken, ultieme kano-vakanties te plannen en andere micro-/
macro-avonturen te ondernemen. Hopelijk volgen er nog veel meer! Jelmer, leuk dat je 
weer in Utrecht bent en werkt (nu ik dit schrijf)! Laten we snel maar eens koffie of een 
drankje gaan drinken en het gaan hebben over mijn aandeel! Jasmin, I can’t believe 
it has been 16 years already since we’ve met at that campsite ;). Our friendship is very 
special to me as we share important moments (like our time in 1911 in Vancouver), 
but also common interests and the way we think about life in general. Can’t wait for 
our new adventures! Kingfisher, here we come! Dank ook aan mijn vrienden die ietsje 
verder weg wonen. Susan en Sander, jullie zijn echt top :p.  Suus, ik kan me geen 
oprechter persoon bedenken dan jij. Ik kan altijd bij je terecht voor alles, en je wijze en 
eerlijke adviezen blijken altijd de juiste. Niet alleen dank hiervoor, maar ook voor alle 
feestjes, het kamperen in Bloemendaal, voor de gezellige avonden bij jullie thuis en nog 
veel meer! Simi, thank you for the oustanding times we spent in Canada and Europe! 
These holidays always were a nice and fun escape from the daily routine. Moreover, 
thank you for being such a good and close friend, eventhough you are far away. Your 
very wise and fun-loving spirit always lifts me up! Ook bedankt aan alle vrienden die 
ik helaas niet zo vaak zie, maar me heel dierbaar zijn: Jannie, Judith, Susan van den 
Nieuwenhuizen, Lydia, Daniël en Sjoerd. Sjoerd, fijn dat ik de afgelopen jaren een paar 
keer bij jullie heb kunnen slapen wanneer ik weer eens vroeg in Nijmegen moest zijn. 
Handig, maar vooral gezellig! Judith, bedankt voor het nakijken van de ‘Nederlandse’ 
stukken :). Wanneer gaan we naar de Ardennen? Voor jullie allen: Tijd om weer eens 
iets in te plannen! 
En dan mijn paranimfen! Carlijn, onze eerste werkdag als AiO’s in Utrecht kan ik me 
nog goed herinneren: Een onderzoeksplan met Aboriginals in Australië,  en alleen maar 
linksaf moeten gaan om bij ons kantoor te komen. Al snel werd je een hechte vriendin 
en hebben we ondertussen, letterlijk en figuurlijk, vele andere paden bewandeld. Ik 
vind het super fijn dat je als paranimf naast mij wilt staan om samen mijn ‘AiO-periode’ 
officieel af te sluiten. Brigitta, ik zeg wel eens als grapje dat het beste van mijn pre-
masteropleiding mijn ontmoeting met jou was, maar eigenlijk meen ik dat ook. Ik 
geniet altijd enorm van onze reisjes, boardsessies en alle andere alledaagse dingen :p. 
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Van jou word ik altijd vrolijk en je woordgrapjes maken me altijd aan het lachen. Naast 
je creatieve uitspraken, bied je ook altijd een luisterend oor. Iets waar ik veel aan heb 
gehad :). Lieve paranimfen, jullie kennen mij door-en-door en ik kan met alles bij jullie 
terecht. Ik ben blij dat jullie tijdens mijn verdediging naast mij staan.
Lieve Dirk, hoewel ik je pas tegen het einde van mijn promotie-traject heb leren kennen, 
heb ik juist heel erg veel steun aan je gehad. Bij jou kon ik rust en ontspanning vinden 
in die toch wat vreemde, afsluitende AiO-periode. Je aanstekelijke positieve houding 
enthousiasmeert en motiveert me. Niet alleen in mijn keuzes betreft mijn carrière, maar 
voornamelijk ook op persoonlijk vlak. Dat waardeer ik enorm, en is vooral heel erg fijn 
:).
En dan mijn familie: Pap, Mam, Joyce, Richard, Marijn, Norah en Casper…jullie zijn mijn 
thuis. Marijn, Norah en Casper, ook al zijn jullie nog heel klein, jullie bijdrage is groot. 
Ik vind het heerlijk om met jullie te racen, te kleuren, verhaaltjes te lezen en lekker 
te knuffelen, en zo helemaal los te komen van werk. Lieve Joyce, ik weet nog goed 
hoe jij elke week met minstens acht tot tien leesboeken de bibliotheek uitliep, terwijl 
ik twijfelend één boek aan de bibliothecaresse overhandigde. Inmiddels heb ik via dit 
project ook de liefde voor lezen gevonden en ben ik ‘Dr.’, alleen beide dan net op een 
wat andere manier dan jij ;). Wat ik probeer te zeggen is dat ik zie dat we, ondanks 
dat we dingen soms op een andere manier invullen, steeds meer op elkaar gaan lijken, 
en dat is fijn. Dank je dat je altijd voor me klaar staat, op wat voor manier dan ook. Je 
bent de slimste, liefste en creatiefste zus die iemand kan hebben. Ik hoop dat je weet 
hoe trots ik op je ben. 
En als laatste, maar zeker niet de minste: lieve mam en pap. Door jullie ben ik 
opgegroeid met het idee dat ik mocht en kon worden wat ik wilde. Bedankt voor 
de vele kansen die jullie mij hebben gegeven en het grote vertrouwen dat jullie in 
mij hebben. Dit heeft mij gevormd tot wie ik ben en het heeft mij in vele tijden de 
ondersteuning gegeven die ik nodig had. Mam, er is niets waarvoor ik niet bij je terecht 
kan. Het is van onschatbare waarde dat jij zonder woorden begrijpt wat ik bedoel. Pap, 
het is fijn dat ik ook begrijp wat jij niet altijd met woorden zegt. Heel erg bedankt voor 
jullie onvoorwaardelijke steun. Ik ben ontzettend gelukkig dat jullie mijn ouders zijn.
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BIOGRAFIE
Suzan Nouwens is geboren op 23 maart 1982 te Dongen. Na het behalen van 
haar vwo-diploma aan het Cambreur College, behaalde zij in 2005 haar bachelor 
Cognitive Neuropsychology aan de Universiteit van Tilburg. De minor ‘Kinder- en 
jeugdpsychologie’ en de cursus ‘Psychologie van taal’ die zij tijdens deze opleiding 
volgde, wekten haar interesse voor de ontwikkeling van het lerende kind, en met 
name de ontwikkeling van taalvaardigheden. Ze koos daarom om haar studie te 
vervolgen met een pre-masteropleiding in de psycholinguïstiek en, aaneensluitend, 
de masteropleiding ‘Taal- en Spraak: Verwerkingen en Stoornissen’ aan de Universiteit 
Utrecht. Als onderdeel van deze opleiding liep zij stage bij de afdeling Phonetics and 
Linguistics aan de University College London in Engeland. Haar scriptieonderzoek—
onder begeleiding van Prof. Valerie Hazan, Prof. Stuart Rosen en Dr. Souhila Messaoud-
Galusi—betrof foneemcategorisatie en discriminatie in volwassenen met dyslexie. Na 
de afronding van deze opleiding in 2007 vervolgde zij haar studie met de research 
master Cognitive Neuroscience aan de Vrije Universiteit van Amsterdam. Gedurende 
deze opleiding heeft zij stage gelopen bij afdeling Psychology aan de University of 
British Colombia in Vancouver, Canada. Deze onderzoeksstage—onder begeleiding 
van Prof. Todd Handy—richtte zich op de invloed van visuomotorische ervaring op het 
verwerken van visuele informatie. Haar research masterdiploma behaalde ze in 2009.
In 2011 startte Suzan met haar promotieproject bij het Behavioural Science Instituut 
aan de Radboud Universiteit Nijmegen. Tijdens haar project werd ze begeleid door 
haar promotor Prof. Ludo Verhoeven en co-promotor Dr. Margriet Groen. Tijdens haar 
PhD-project organiseerde ze een symposium en workshop genaamd ‘A longitudinal 
perspective on reading comprehension in primary and secondary school’. Naast haar 
promotieonderzoek was Suzan als docent werkzaam bij de faculteit Pedagogische 
Wetenschappen aan de Universiteit Nijmegen. Zij verzorgde verschillende cursussen 
en begeleidde verscheidende scriptiestudenten op zowel bachelor- als masterniveau. 
In 2016 heeft zij haar Basis Kwalificatie Onderwijs behaald. Momenteel is Suzan als 
postdocteraal onderzoeker werkzaam bij het ‘NRO Doorbraakproject Onderwijs en ICT’ 
dat zich richt op ‘leren op maat met ict’ in het primair onderwijs.  Zij is geaffilieerd aan 
de Universiteit Utrecht, waar zij tevens werkzaam is als docent.
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in the ‘Language and Speech: Processes and Deficits’ master program at Utrecht 
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